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Industrial  Fuel  and  Power 


Coal — The  Basic  Fuel 

By  F.  H.  Daniels 

Vice-President,  Riley  Stoker  Corporation,  Worcester,  Mass. 


The  object  of  this  paper  is  to  make  a 
brief  survey  of  the  supply  of  fuel  which 
is  available  to  us  in  the  United  States, 
and  to  show  the  rate  at  which  we  are 
using  these  supplies.  These  fuels  in- 
clude natural  gas,  oil,  anthracite  and 
bituminous  coal;  and  of  course  water 
power  must  be  considered  as  a  substi- 
tute for  the  fuels. 

Natural   Gas 

Our  supply  of  natural  gas,  once  so 
plentiful,  has  been  used  with  no  thought 
of  conservation,  and  as  a  result,  to  all 
intents  and  purposes,  it  is  today  prac- 
tically exhausted.  The  use  of  natural 
gas  is  now  a  negligible  factor  in  power 
production.  Once  we  had  so  much  of  it 
that  it  was  considered  econom/  to  leave 
the  gas  street-lights  burning  all  day 
rather  than  to  go  to  the  expense  of  turn- 
ing them  off  in  the  morning  and  light- 
ing them  again  in  the  evening.  This  is 
merely  one  indication  of  how  we  threw 
away  this  natural  resource.  From  many 
standpoints  gas  is  an  ideal  fu£l.  Its 
chief  advantage  lies  in  the  fact  that  it 
can  be  so  intimately  and  accurately 
mixed  with  the  air  required  for  combus- 
tion. It  is  easy  to  see  that  two  gases, 
such  as  natural  gas  and  air,  can  be 
mixed  much  better  than  is  the  case 
with  a  liquid  and  air  or  a  solid  and  air. 
Now  that  the  natural  gas  has  gone,  it 
does  no  good  to  wish  that  we  had  it 
back  again,  and  the  only  course  open  to 


us  is  to  be  economical  in  the  use  of  the 
fuels  that  remain  to  us. 

Fuel  Oil 
Next  in  order  of  importance  comes 
fuel  oil.  According  to  the  figures  of 
the  United  States  Geological  Survey, 
the  total  oil  production  of  the  world  up 
to  1925  has  been  about  10^^  billion 
barrels,  and  the  United  States  has  fur- 
nished about  two-thirds  of  this,  or  7 
billion  barrels.  An  estimate  of  the 
petroleum  reserve  of  the  world  has  been 
set  at  approximately  40  billion  barrels. 
A  curve  showing  the  yearly  consump- 
tion of  petroleum  of  the  United  States 
over  a  period  of  more  than  forty  years 
is  shown  in  Fig.    1.     This  is  increasing 
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so  rapidly  as  to  represent  almost  a  sec- 
ond degree  curve.  In  1924  the  con- 
sumption of  petroleum  was  about  800 
million  barrels.  The  United  States 
Geological  Survey  has  made  public  a 
careful  estimate  of  the  oil  reserves  of 
this  country.  This  shows  that  about 
Sj4  billion  barrels  are  still  left  avail- 
able under  the  present  methods  of  ex- 
traction. Of  course,  improved  methods 
of  recovery  may  increase  the  above  fig- 
ures very  materially,  and  when  the  price 
gets  high  enough,  there  is  no  doubt  but 
what  the  oil-bearing  shales  will  be 
forced  to  give  up  their  store  of  oil  by 
means  of  new  processes,  but  as  yet  oil 
prices  are  not  high  enough  to  justify 
the  working  of  the  oil  shales.  Up  to 
date  we  have  produced  in  this  country 
about    6%.     billion    barrels    of    oil,    so 


Fig.    2 — Oil   Reserves   in    1924 
(Courtesy    of    Scientific    American) 

this  means  we  have  used  up  about  42 
per  cent  of  our  original  supply.  Figure 
2  illustrates  th's  condition. 

Bituminous  .and  Anthracite  Coal 
With  reference  to  the  available  sup- 
ply of  coal,  the  story  is  quite  different 
from  that  of  oil.  We  have  still  left 
about  1,510  billion  tons  of  bituminous 
coal,  having  used  less  than  1  per  cent 
of  our  original  deposits.  We  have  ap- 
proximately 17  billion  tons  of  anthra- 
cite   still    in    the    ground,    having    used 


about  1 5  per  cent  of  our  original  sup- 
ply. There  is  also  left  practically  un- 
touched over  2,000  billion  tons  of  lig- 
nite, not  figuring  at  all  on  the  peat 
deposits,  which  are  enormous.  This 
makes  the  grand  total  of  bituminous, 
anthracite,  and  lignite  reserves  of  the 
United  States  3,527  billion  tons.  Fig- 
ure   3    shows   the  present  situation   with 


Fig.  3 — Coal  Reserves 

(Courtesy    of    Scientific    Americtm) 

reference  both  to  bituminous  coal  and 
anthracite  coal.  It  may  be  noted  that 
on  bituminous  coal  we  have  hardly  made 
a  dent,  and  on  anthracite,  there  is 
plenty   left. 

Comparison  of  Coal  and  Oil 
Reserves 
Let  us  assume  that  the  3,527  billion 
tons  of  coal  still  in  the  ground  will 
average  10,000  B.  t.  u.  per  pound,  and 
that  the  total  available  coal  heat  units 
can  be  calculated.  This  amounts  to 
703^2  quintillion  B.  t.  u.'s.  Assume  that 
the  8^2  billion  barrels  of  petroleum  still 
untouched  will  average  18,000  B.  t.  u. 
per  pound,  and  the  total  oil  heat  units  in 
reserve  can  be  calculated  on  the  basis 
of  336  pounds  per  barrel.  This 
amounts  to  Sl}'2  quadrillion  B.  t.  u.'s. 
A  comparison  of  these  two  calculated 
figures  shows  tfiat  the  ratio  of  the  avail- 
able coal  -heat  units  to  the  available  oil 
heat  units  for  this  country  is  about  1,370 
to  1,  or  1,370  limes  as  much  coal  as  you 
have  oil.  At  the  present  rate  of  con- 
sumption, the  oil  reserves  of  this  coun- 
try would  last  about  twelve  years.  This 
figure  is  on  the  basis  that  the  present 
rate  of  consumption  does  not  increase 
and  that  all  of  the  oil  remaining  can  be 
found    within    that    time.       Neither    of 
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these  assumptions  is  true,  but  it  indi- 
cates that  the  United  States  will  be- 
come more  and  more  dependent,  as 
time  goes  on,  upon  importation  of 
petroleum  from  foreign  countries,  with 
the  corresponding  gradual  increase  in 
price.  As  oil  gets  scarcer,  it  is  very 
probable  that  the  low  temperature  dis- 
tillation of  soft  coal  will  be  resorted  to 
in  order  to  eke  out  the  supply,  but  the 
price  of  petroleum  will  have  to  go  up 
considerably  before  this  expedient  will 
pay. 

The  United  States  Geological  Survey 
estimates  that  out  of  the  S^/i  billion 
barrels  of  oil  in  reserve  about  4  billion 
barrels  consist  of  the  heavy  oils,  with 
an  asphalt  base,  from  which  fuel  oil 
is  derived  after  the  naphtha,  benzene, 
gasoline,  and  kerosene  are  taken  out. 


Production,  Consumption,  and 

Prices  of  Oil 
Figure  4  gives  a  bird's-eye  view  of 
the  petroleum  situation  for  a  period  of 
the  last  ten  years.  The  average  price 
of  Pennsylvania  crude  oil  in  dollars  per 
barrel  is  shown,  as  well  as  variations  in 
consumption  and  production  of  petro- 
leum in  barrels  per  month.  It  may  be 
noted  that  every  time  consumption  ex- 
ceeds production,  the  price  of  oil  goes 
up.  During  practically  all  of  1923, 
production  exceeded  consumption,  and 
this  brought  the  price  of  petroleum 
down  until  it  was  lower  than  at  any 
time  since  the  beginning  of  the  war, 
except  for  the  panic  year  of  1921.  The 
reason  for  this  over-production  was  the 
unexpected  flow  of  oil  from  California 
and    Texas.       During     1924    the    con- 
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The  remainder,  which  consists  of  the 
lighter  oils,  having  in  general  a  paraf- 
fine  base,  is  too  valuable  to  use  for  fuel 
oil  purposes.  In  other  words,  less  than 
half  of  the  available  oil  reserves  of  the 
country  can  ever  be  used  for  fuel  oil, 
and  as  time  goes  on  we  will  have  to  im- 
port from  Mexico  and  other  foreign 
countries  more  and  more  fuel  oil  for 
use  in  those  places  where  we  just  can- 
not get  along  without  it.  We  can  get 
along,  however,  without  fuel  oil  for 
steam  generation  in  stationary  boiler 
plants. 


sumption  was  greater  than  the  produc- 
tion and  the  result  has  been  relatively 
high  fuel  oil  prices.  From  now  on 
these  high  prices  must  be  the  rule  rather 
than  the  exception,  and  fuel  oil  will 
probably  never  again  compete  with  coal 
for  steam  generation  except  in  very 
special  cases. 

Water  Power 

The    water-power    resources    of    the 

United  States  are   very  large,  but  even 

if    these    were    fully    developed,    they 

could  not  meet  our  present  demand  for 
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power.  Unfortunately  our  water-power 
resources  are  largely  located  in  the  thin- 
ly settled  portions  of  the  country  where 
industry  has  not  yet  been  developed  suf- 
ficiently to  justify  their  use.  Our  chief 
supplies  of  coal,  on  the  other  hand,  are 
located  adjacent  to  sections  of  the  coun- 
try which  are  fully  developed  commer- 
cially. This  accounts  very  largely  for 
the  leisurely  way  that  we  are  utilizing 
our  water  power. 

Where  Coal  is  Found 
Figure  5  shows  the  coal  fields  of  the 
United  States.  This  was  taken  from  the 
circular  on  the  anthracite  coal  situation 
issued  by  the  United  States  Chamber  of 
Commerce    as    of    September    1,     1925. 


trial  purposes.  Soft  coal  is  mined  in 
twenty-three  states,  and  the  various  fields 
cover  an  area  of  about  45  8,000  square 
miles,  which  is  954  times  as  large  as 
the  anthracite-producing  areas.  Bitu- 
minous coal  is  generally  thought  of  as 
not  being  used  ordinarily  for  household 
heating.  As  a  matter  of  fact,  however, 
more  people  in  this  country  heat  their 
homes  with  soft  coal  than  with  hard. 
On  the  map  the  black  areas  represent 
the  non-union  fields,  while  the  shaded 
areas  show  the  unionized  fields.  At  the 
present  time,  70  per  cent  of  all  the 
soft  coal  mined  comes  from  the  non- 
union fields.  West  Virginia  furnishes 
us  the  low-volatile,  low-ash,  semi-bitu- 
minous coal,  while  the  high-grade  bitu- 
minous comes  from  West  Virginia,  Penn- 


FiG.    5 — Coal    Fields   of   United   States 


The  anthracite  fields  marked  "1"  are 
located  in  a  small  section  of  Eastern 
Pennsylvania  covering  about  480  square 
miles.  This  is  the  only  place  in  the 
country  where  hard  coal  is  mined.  An- 
thracite is  first  and  foremost  a  household 
fuel,  being  used  extensively  in  the  New 
England  States,  New  York,  New  )ersey, 
Pennsylvania,  Delaware,  and  Maryland. 
The  small  sizes,  which  result  from 
screening,  amount  to  about  30  per  cent. 
These  smaller  sizes  are  used   for  indus- 


sylvania,  Ohio,  Kentucky,  Tennessee, 
and  Alabama.  A  lower  grade  of  bitu- 
minous is  found  in  Michigan,  Indiana, 
Illinois,  Iowa,  Missouri,  Kansas,  Arkan- 
sas, Oklahoma,  and  Texas.  This  region 
is  the  so-called  "central  competitive 
field."  The  sub-bituminous  coals  are 
mined  in  Montana,  Wyoming,  Colorado, 
Utah,  New  Mexico,  Arizona,  and  Wash- 
ington, and  the  lignites  are  found  chief- 
ly in  North  Dakota,  South  Dakota,  Mon- 
tana,  and   Texas. 
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How  AND  Where  Coal  is  Used 
Each  year  vv'e  burn  about  2/3  of  a 
billion  tons  of  coal.  This  includes  both 
bituminous  and  anthracite.  The  bitumi- 
nous coal  used  is  about  5  52  million  tons 
and  the  anthracite  about  90  million 
tons.  Dividing  this  up  by  industries 
shows  the  following: 

Industrial  plants 33.5% 

Railroads     25.0% 

Domestic    16.5  % 

Coke  production    13.0% 

Electric  public  utilities 6.5% 

Gas  public  utilities    1.0% 

Bunker  and  export  coal 4.5% 

The  average  industrial  plant  does  not 
recover  as  useful  work  more  than  5  per 
cent  of  the  heat  energy  of  the  fuel. 
The  best  plants  recover  more  than  four 
times  as  much.  This  industrial  field  is 
the  one  where  large  economies  can  be 
made  in  the  use  of  fuel.  The  ordinary 
industrial  plant  may  show  an  average 
efficiency  of  about  5  5  per  cent,  while 
80  per  cent  boiler  efficiency  is  possible. 
The  margin  here  is  large  enough  to  jus- 
tify the  best  thought  of  engineers. 

Locomotives  use  about  one-fourth  of 
all  the  coal  produced,  and  they  are  most 
inefficient.  Not  more  than  5  per  cent 
of  the  heat  energy  of  the  coal  is  actual- 
ly delivered  by  the  locomotive  in  draw- 
bar pull.  Improvements  now  under  way 
in  locomotive  design  and  the  possible 
electrification  of  certain  of  our  rail- 
roads indicate  that  the  waste  of  coal  by 
the  railroads  will  be  stopped.  Experi- 
ments on  better  combustion,  economiz- 
ers, superheaters,  condensers,  compound- 
ing, forced  and  induced  draft,  geared- 
turbine  drive,  etc.,  all  show  that  prog- 
ress is  being  made,  but  it  will  take  a 
long  time  to  accomplish  much. 

Next  in  order  of  importance  comes 
the  domestic  consumption  of  coal.  Here 
is  the  place  where  the  booby  rrize  can 
be  awarded  for  the  greatest  waste.  Poor 
construction,  lack  of  knowledge,  and 
neglect  all  combine  to  throw  coal  away. 
With  just  a  little  more  intelligent  care, 
it  would  be  easy  to   save  one-fourth   of 


the  coal  that  is  now  used  in  house  heat- 
ing. 

The  production  of  coke  is  fast  get- 
ting on  an  economical  basis.  Only  about 
25  per  cent  of  our  coke  is  now  made 
in  the  wasteful  beehive  ovens,  and  75 
per  cent  of  the  coke  is  now  made  in  by- 
product ovens  which  recover  all  of  the 
valuable  by-products  formerly  thrown 
away. 

In  the  electrical  public  utilities  there 
is  very  little  waste  of  fuel.  Coal  rep- 
resents more  than  half  of  their  cost  of 
doing  business,  and  as  a  result  the  pocket- 
book  forces  them  to  be  careful.  The 
great  majority  of  the  electrical  public 
utilities  have  put  in  a  lot  of  thought  and 
spent  tremendous  sums  of  money  to  as- 
sure the  economical  use  of  coal.  Eighty 
per  cent  average  boiler  efficiency  is  not 
out  of  the  question  today. 

The  gas  public  utilities  use  1  per  cent 
of  all  the  coal  mined.  This  is  a  sur- 
prisingly low  figure.  Modern  methods 
of  gas  manufacture  will  recover  80  per 
cent  of  the  heat  value  of  the  coal  if 
you  include  the  by-products  which  re- 
sult as  a  part  of  the  process. 

Here  in  New  England  we  actually 
pay  out  more  in  freight  charges  for 
bituminous  coal  than  the  cost  of  the 
coal  at  the  mines.  It  isn't  economy  to 
buy  any  but  the  very  best  grades  of 
coal,  for  who  wants  to  pay  for  hauling 
a  lot  of  ash  and  dirt?  For  the  same 
reason,  efficient  burning  of  coal  should 
be  the  first  aim  if  we  are  to  compete 
successfully  with  other  sections  of  the 
country  more  fortunately  located  in  ref- 
erence to  coal  deposits. 

For  household  heating.  New  England 
seems  to  be  wedded  to  anthracite.  The 
present  strike  in  the  hard  coal  fields  is 
demonstrating  that  soft  coal  can  be  used 
for  domestic  heating  and  that  it  re- 
quires only  a  little  more  care  and  at- 
tention than  anthracite.  The  low-vola- 
tile semi-bituminous  coals  of  West  Vir- 
ginia are  much  better  than  the  average 
bituminous  coal  that  more  than  half  the 
people  of  this  country  habitually  use 
for  domestic  purposes.  Anthracite  should 
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be  classed  as  a  luxury  fuel.  It  is  not 
a  necessity.  Seventy  million  dollars  a 
year  is  the  extra  amount  that  we  pay  in 
New  England  for  the  privilege  of  using 
anthracite.  Laziness,  prejudice,  and 
ignorance  are  the  three  things  which 
prevent  the  widespread  use  of  bitumi- 
nous coal  for  household  heating  in  this 
section  of  the  country. 

The  source  of  all  our  heat  energy  is 
the  sun.  It  stored  up  for  us  in  the 
ground  during  ages  past  the  natural  gas, 
oil,  and  coal.  These  things,  once  used, 
can  never  be  replaced,  and  our  only 
other  recourse  is  to  use  the  heat  of  the 
sun  as  available  to  us  now.  This  can 
be  done  by  utilizing  the  power  of  fall- 
ing water.      The  heat   of   the   sun  will 


raise  crops  which  in  turn  can  be  trans- 
formed into  the  alcohols,  or  perhaps 
even  the  direct  heat  of  the  sun  can  be 
concentrated  and  used  in  some  form  of 
heat  engine.  Our  natural  gas  is  gone; 
our  petroleum  is  about  half  used  up; 
it  will  take  years  of  industrial  growth 
before  our  water  powers  can  be  fully 
developed.  For  generations  to  come, 
coal  must  be  the  basic  fuel.  Whatever 
fuel  you  use,  don't  waste  it  by  burning 
it  carelessly.  Even  if  you  are  not  in- 
terested in  what  becomes  of  vour  chil- 
dren and  grandchildren,  conservation 
of  our  fuel  resources  is  worth  while  to 
you.  It  pays  to  do  it  now  regardless 
of  what  happens  in  the  future. 


DISCUSSION 


Mortimer  Silverman*:  Mr.  Daniels 
made  the  statement  that  New  England 
could  not  afford  to  burn  anything  but 
the  higher  grades  of  coal.  This  is  a 
statement  with  which  I  cannot  agree.  I 
believe  that  New  England  can  afford  to 
burn  any  coal  which  she  can  secure  at  a 
proper  price,  regardless  of  what  its  grade 
may  be,  bearing  in  mind  the  installation 
in  connection  with  which  it  is  intended 
to  use  the  fuel.  In  other  words,  it  is 
the  available  B.  t.  u.  per  dollar  or  the 
cost  of  producing  steam  per  pound,  along 
with  consideration  of  the  furnace  ca- 
pacity. Where  boilers  are  not  pushed  to 
excessive  ratings,  and  where  grate  area 
and  furnace  volumes  are  sufficiently 
large,  there  is  no  reason  why  the  lower 
grades  of  fuel  cannot  be  burned.  The 
question  of  high  freight  rates  is  purely 
secondary,  as  we  must  consider  the  cost 
of  the  fuel  delivered,  and  in  the  end, 
the  cost  of  producing  steam  per  pound. 
Mr.  Daniels:  Of  course  the  ultimate 
thing  that  will  determine  whether  we 
use  a  certain  grade  of  fuel  or  not  is  the 
pocketbook.     The  engineering  of  it  does 
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not  amount  to  anything;  it  is  whether 
or  not  it  pays.  That  is  the  ultimate  cri- 
terion as  to  whether  a  certain  fuel  can 
or  cannot  be  used.  You  have  got  to  con- 
sider the  facts  balanced  up  on  a  dollars 
and  cents  standard.  That  being  the  case, 
as  a  general  proposition  I  think  that  it 
can  be  said  that  it  does  not  pay  to  bring 
in  low-grade  fuel  and  pay  the  high 
freight  rates  that  we  have  to  pay  in 
New  England. 

Professor  J.  T.  WARof:  I  wish  to 
raise  two  points  in  connection  with  Mr. 
Daniels'  extremely  interesting  and  per- 
tinent paper.  First,  I  believe  the  state- 
ment was  made  that  our  supply  of  petro- 
leum and  fuel  oil  would  be  exhausted  in 
possibly  fifteen  or  eighteen  years.  May 
I  point  out  that  there  is  very  competent 
evidence  to  the  effect  that  this  estimate 
is  inaccurate.  The  American  Petroleum 
Institute,  probably  the  source  of  the  most 
reliable  data  on  the  petroleum  industry, 
has  recently  published  a  report  in  which 
are  compared  the  estimated  petroleum 
reserves  and  the  cumulative  production. 
If  taken  literally  these  data  would  indi- 
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cate  that  we  had  in  prospect  only  eight 
to  ten  years'  supply  of  petroleum.  The 
facts  are,  however,  that  whereas  the  pro- 
duction and  consumption  figures  are 
based  upon  measured  quantities  of  oil, 
the  data  showing  reserves  are  estim.ates. 
The  history  of  the  petroleum  industry 
shows  that  the  figure  for  estimated  re- 
serves has  constantly  been  increased. 
This  is  due  to  three  reasons:  first,  every 
time  a  real  shortage  of  crude  petroleum 
has  occurred,  prospecting  has  been  stim- 
ulated and  new  fields  have  been  brought 
in,  thus  increasing  both  the  production 
and  estimated  reserve  figures.  Second, 
the  elficacv  of  geological  means  of 
finding  oil  is  increasing  steadily,  and 
methods  of  bringing  to  the  surface  a 
greater  percentage  of  the  oil  found  are 
being  improved  constantly.  Third,  it 
has  been  estimated  that  until  recently, 
ordinary  methods  of  producing  oil  have 
resulted  in  only  25  per  cent  of  the  total 
oil  found  being  removed  from  the 
ground.  The  new  methods  of  water 
flooding,  vacuum  extraction,  etc.,  are  re- 
sulting in  less  petroleum  being  left  in 
the  sand. 

These  factors  have  all  combined  to 
cause  periodic  increases  in  the  estimated 
petroleum  reserves.  Briefly,  my  first 
point  is  that  experience  shows  that,  de- 
spite the  pessimistic  forecast  of  our  pe- 
troleum supply  which  one  may  gain  from 
published  statements  and  statistics,  our 
means  of  finding  and  producing  oil  are 
constantly  improving,  and  we  mav  not 
anticipate  an  immediate  acute  shortage 
of  petroleum  or  fuel  oil. 

Mr.  Daniels  put  on  slides  which  showed 
an  enormous  reserve  of  bituminous 
coal  compared  to  the  total  coal  mined 
thus  far.  I  believe  the  slide  showed  thnt 
only  one  per  cent  of  our  bituminous  coal 


has  been  mined.  May  I  point  out  that 
while  I  believe  this  ratio  to  be  correct,  it 
is  a  fact  that  at  the  present  rate  of  con- 
sumption the  supplies  of  the  best  steam 
coals  will  be  very  seriously  depleted  dur- 
ing the  next  twenty  years.  If  Mr.  Dan- 
iels had  compared  the  ratio  of  unmined 
reserves  to  the  total  quantity  produced 
of,  say,  Pocahontas  and  New  River  coals, 
the  ratio  would  be  far  difi'erent  from 
the  one  shown.  Therefore  within  the 
life  of  the  present  generation  this  coun- 
try will  be  forced  to  the  use  of  tremen- 
dous quantities  of  low-grade  fuels.  This 
is  one  of  the  primary  reasons  why  we 
must  look  to  the  engineers  who  are  de- 
veloping combustion  equipment,  for  the 
radical  and  necessary  changes  in  our  pres- 
ent methods  of  fuel  utilization. 

In  connection  with  these  comments  it 
would  be  unfair  not  to  state  my  appreci- 
ation of  the  particularly  clear  and  com- 
plete presentation  of  this  subject  which 
Mr.  Daniels  gave. 

Mr.  Daniels:  Of  course  as  regards 
the  amount  of  oil  which  is  left  in  the 
ground  available,  if  you  say  twelve  years 
or  twenty-five  years  it  does  not  vary  the 
principle  that  1  was  trying  to  bring 
home.  Twentv-five  years  is  close  enough 
so  that  it  will  be  within  most  of  our 
lifetimes,  and  the  point  is  that  the  sup- 
ply that  is  left  is  not  so  very  large. 

Now,  on  the  coal  situation,  the  bitu- 
minous coal  that  was  figured  there  in- 
cludes all  kinds  and  grades  of  coal  in  the 
country.  As  far  as  Pocahontas  coal  is 
concerned,  real  Pocahontas  coal  is  almost 
extinct,  and  New  River  is  perhaps  fast 
becoming  an  extinct  animal.  The  finer 
grades  of  semi-bituminous  coals  are  un- 
doubtedly reaching  the  point  of  ex- 
haustion. 
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Supply  and  Utilization  of  Fuel  Oil 

By  Ernest  H.  Peabody 

President,  Peabody  Engineering  Corporation,  New  York 


It  is  my  understanding  that  the  pur- 
pose of  this  meeting  is  to  discuss  the 
conditions  which  govern  the  supply  and 
utilization  of  fuels,  particularly  as 
they  apply  to  the  New  England  States. 
As  will  appear  from  what  follows  in 
this  paper,  the  oil  companies  are  rather 
preoccupied  with  the  matter  of  pro- 
ducing sufficient  gasoline  to  meet  the 
increasing  demands  of  the  gasoline 
motor.  They  are  less  -interested  in  the 
subject  of  fuel  oil,  which  they  must 
market  at  a  lower  price,  and  this  doubt- 
less explains  the  somewhat  apathetic 
attitude  of  the  oil  companies,  furnish- 
ing New  England  with  oil  fuel,  toward 
inquiries  concerning  the  probable  supply 
of  this  fuel  in  your  territory. 

I  shall  therefore  discuss  the  subject 
of  "Supply  and  Utilization  of  Fuel 
Oil"  as  it  applies  to  the  country  at 
large,  and  I  may  say  that  I  find  the 
prospect  quite  encouraging.  I  think 
you  will  have  an  adequate  supply  of 
fuel  oil  for  many  years  to  come. 

A  study  of  the  conditions  which  at 
the  present  time  govern  the  supply  of 
fuel  oil  is  of  extraordinary  interest  and 
presents  some  very  surprising  factors. 
It  is  no  longer  the  case  that  a  quantity 
of  crude  petroleum  will  only  produce 
various  more  or  less  definite  quantities 
of  gasoline,  kerosene,  gas,  oil,  lubri- 
cant, etc.  The  cracking  process  has  up^ 
set  these  so-called  natural  divisions. 
After  the  fractional  distillation  of  oil 
has  been  completed  the  various  grades 
of  oil  may  again  be  specially  treated 
and  partially  converted  into  gasoline. 

The  more  enthusiastic  of  the  enthusi- 
asts claim  that  any  kind  of  oil  can  be 
cracked  and  converted  into  nothing  but 


coke,  gas,  and  gasoline.  From  what  1 
hear  about  the  troubles  produced  by 
coke  in  the  cracking  process,  this  claim 
may  be  perhaps  almost  as  ambitious  as 
the  project  certain  chemists  have  set  for 
themseh^es  in  attempting  to  convert 
bituminous  coal  entirely  into  oil. 
Nevertheless,  a  goodly  quantity  of  liquid 
fuel  can  be  made  from  coal,  and  so 
also  the  cracking  process  has  enabled 
the  oil  refiner  to  place  more  gasoline  on 
the  market  than  there  was  originally  in 
the  oil.  But  this  must  be  done  at  the 
expense  of  other  products — and  the  fuel 
oil  supply  may  suffer  in  consequence. 

The  discovery  of  the  Lucas  Gusher 
at  Spindletop  in  1901  marked  the  be- 
ginning of  a  new  epoch  in  the  history 
of  fuel  oil.  The  refineries  didn't  want 
this  oil  and  so  it  went  in  great  quantity 
to  the  fuel  market.  Incidentally  a  vast 
amount  was  wasted  by  the  use  of  crude 
methods  of  burning — the  hall-mark  of 
cheap  fuel — and  economic  losses  were 
great.  It  did  rejuvenate  the  oil-burning 
art,  as  it  attracted  the  special  attention 
of  many  engnieers,  and  rapid  strides 
were  made  in  methods  for  improving 
furnace  and  burner  efficiency. 

That  same  oil  today  would  doubtless 
in  part  be  cracked  into  gasoline  with  a 
consequent  loss  to  the  fuel  market.  So 
that  we  are  virtually  facing  a  new  epoch 
in  the  supply  and  utilization  of  fuel 
oil  and  one  in  which  only  the  fittest 
and  most  efficient  types  of  oil-burning 
equipment    will    survive. 

Apparently  the  conditions  for  fuel- 
oil  supply  are  not  favorable.  The  re- 
finers can  take  the  heavy  fuel  oil  we 
use  for  steam  purposes  and  turn  it  into 
gasoline — or    they    can    leave    the   heavy 
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oil  (and  doubtless  will)  and  crack  the 
lighter  distillates,  so  that  the  drought 
may  settle  among  the  householders  using 
kerosene  for  heating. 

Apparently  the  situation  is  difficult, 
but  there  are  two  things — or  perhaps  two 
phases  of  the  same  thing — that  will,  I 
believe,  perpetuate  the  extensive  use  of 
fuel  oil  for  many  years  to  come.  The 
first  is  the  keen  business  sense  of  the 
refiner  which  leads  him  to  market  as 
lower-priced  fuel  what  he  cannot  profit- 
ably store,  or  sell  as  higher-priced  gaso- 
line. The  second  is  that  if  oil  is  in 
the  ground,  and  is  scarce  enough  to 
bring  a  good  price,  somebody  is  going 
to  get  it.  If  the  oil  man  doesn't,  the 
wild-catter  will.  And  so  the  "selling 
price,"  batted  about  between  supply  and 
demand,  will  determine  the  amount  of 
fuel  oil  we  shall  have  available. 

I  doubt  if  the  motor  car  arid  truck 
and  tractor,  or  the  flying  machine  will 
ever  take  it  all.  And  here,  indeed,  is 
another  element  to  be  considered  as 
affecting  the  supply  of  fuel,  namely, 
improvements  in  efficiency  in  the  no- 
toriously wasteful  gasoline  motor,  thus 
reducing-  the  demand  for  "gas."  Be- 
sides this,  it  is  possible  to  operate  inter- 
nal combustion  engines  with  substitutes 
for  gasoline  not  derived  from  petroleum. 
Perhaps  the  American  public  will  never 
insist  on  the  saving  of  gasoline  until  the 
price  goes  up  m.aterially,  and  then  the 
demand  will  go  down  and  the  price 
with  it — meantime  we  will  have  more 
oil  to  burn  for  steam-power  purposes. 

I  need  not  discuss  at  length  the  prob- 
able reserves  of  crude  oil.  There  ap- 
pears to  be  enough  to  last  quite  a  while. 
The  oil  recoverable  in  the  known  fields 
by  present  methods  of  flowing  and 
pumping  was  estimated  in  1922  as  nine 
thousand  one  hundred  and  fifty  mil- 
lion, or  over  nine  billion  barrels.  This 
was  the  figure  set  by  the  United  States 
Geological  Surve:y  and  a  special  Com- 
mittee of  the  American  Association  of 
Petroleum  Geologists. 

The  "Committee  of  Eleven"  of  the 
American    Petroleum    Institute,   in    their 


absorbingly  interesting  report  published 
recently,  calls  ii  five  thousand  three  hun- 
dred million  barrels,  with  twenty-six 
thousand  million  barrels  left  in  the 
ground,  and  at  least  partially  recover- 
able by  improved  methods.  I  have  good 
reason  for  believing  that  these  figures 
are  on  the  "bear"  side,  and  it  will  be 
noted  that  it  considers  only  the  proven 
oil  fields.  There  may  be  and  probably 
are  other  fields  not  yet  explored. 

Estimates  of  the  world's  reserves,  ob- 
tained by  shrewdly  guessing  at  a  quar- 
ter and  multiplying  by  four,  are  up- 
wards of  forty  and  fifty  thousand  mil- 
lion barrels.  None  of  these  estimates 
includes  the  vast  deposits  of  oil  shale 
nor  the  oil  obtainable   fromi   coal. 

Major  Geo.  M.  Talbot,  under  whose 
direction  all  fuel  purchases  are  made  for 
the  United  States  Fleet  Corporation, 
writes  me  as  follows  under  date  of  Octo- 
ber 23,  1925: 

"One  of  my  principal  functions  during  the 
past  six  years  has  been  to  study  production  and 
consumption  of  crude  petroleum  and  its  by- 
products throughout  the  world,  and  especially 
in  the  United  St  ites.  After  watching  develop- 
ment of  various  producing  fields  year  after 
year,  I  am  of  the  firm  opinion  that  there  is 
no  justifiable  reason  for  the  belief  by  some 
that  the  source  of  supply  of  crude  petroleum 
in  the  United  States  will  become  exhausted 
in  the  near  future.  Although  consumption  of 
by-products  of  petroleum  has  been  rapidly  in- 
creasing, the  yearly  increase  in  production  dur- 
ing the  past  five  and  a  half  years  has  more 
than  kept  pace  with  the  increase  in  consump- 
tion. The  present  rate  of  production  indi- 
cates that  there  will  be  at  least  as  much  oil 
produced  during  the  last  six  months  as  was 
produced  during  the  first  six  months  of  1925, 
which  would  make  the  total  production  for  the 
vear  nearly  750,000,000  barrels.  It  is  esti- 
mated that  the  consumption  plus  exports  of 
crude  petroleum  in  the  United  States  for  1925 
will  be  around  725,000,000  barrels.  This 
shows  that  production  in  1925  will  be  sub- 
stantially  in   excess   of   consumption." 

In  substantiation  of  Major  Talbot's 
estimate  I  may,  through  the  courtesy  of 
the  Petroleum  Institute,  state  that  the 
production  of  crude  oil  in  the  United 
States  for  1925,  up  to  and  including 
November  28,  equals  692,77  5,000  bar- 
rels. A  good  many  people  in  authority 
have    been    inclined    to    consider    1923, 
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with  over  732,000,000,  as  marking  the 
probable  peak  of  United  States  produc- 
tion.     It  doesn't  look  like  it  now. 

Now,  as  to  fuel  oil:  In  1915  I  had 
occasion  to  ask  the  late  Dr.  David  T. 
Day  (then  of  the  United  States  Bureau 
of  Mines)  what  proportion  of  the  total 
crude  oil  production  might  be  consid- 
ered as  fuel  oil.  His  estimate  was  40 
per  cent.  It  has  far  exceeded  this  in 
recent  years,  the  average  for  the  five 
years,  1920  to  1924,  inclusive,  being 
more  than  53  per  cent. 

The  following  table  of  crude  produc- 
tion and  fuel  oil  supply  for  this  period 
will  be  of  interest: 


steam  atomizers  used  in  locomotive  serv- 
ice consumed  at  least  7  per  cent  of  the 
fuel  for  generating  the  steam  merely 
for  atomizing  the  oil.  And  yet  it  seems 
that  no  interest  whatever  can  be  aroused 
in  railroad  circles  in  carrying  out  experi- 
ments with  the  type  of  burner  which  has 
been  so  successful  under  highly  forced 
rates  of  combustion  in  the  United  States 
Navy.  These  burners  are  more  econom- 
ical than  steam  atomizers,  and  use  no 
steam  whatever  for  atomizing.  They 
should,  therefore,  at  the  very  least,  save 
all  the  7  per  cent.  This  Is  rather  a 
disheartening  condition  when  it  is  con- 
sidered  that  the  railroads  in   this  coun- 


U.  S.  CRUDE  OIL  PRODUCTION  AND  FUEL  OIL  SUPPLY 


IN   Barrels  of   42   Gallons 
1920  1921  1922 


1923 


1924 


Year 

Crude  petroleum  pro- 
duced in  the  U.  S.  442,929,000     472,183,000     557,531,000     732,407,000     713,940,000 

Crude  petroleum  Im- 
ported  into    U.    S.  106,175,000     125,364,000     130,255,000       82,015,000       77,775,000 

Total  produced  and  im- 
ported 549,104,000     597,547,000     687,786,000     814,422,000     791,715,000 

Crude       petroleum        and 

fuel   oil  exported  8,583,000         9,552,000        10,637,000        17,210,000        17,784,000 

Total  available  for  con- 
sumption in  U.  S.  and 
for  export  of  refined 
products  540,521,000     587,995,000     677,149,000     797,212,000     773,931,000 

Total  consumed   for   fuel     296,551,000     296,946,000     347,002,000     430,107,000     429,701,000 

%  of  U.  S.  supply  of 
crude  used   for   fuel  54.86  50.50  51.24  53.95  55.52 

Authorities:    United    States    Geological    Survey,    United    States    Bureau    of    Mines,    United    States 
Bureau  of  Foreign  and  Domestic     Commerce,   and  American  Petroleum  Institute. 


These  are  encouraging  data  for  those 
interested  in  the  use  of  oil  fuel.  Just 
what  the  oil  drill,  the  cracking  process, 
the  gasoline  engine,  the  efficiency  en- 
gineer, and  the  dollar  will  bring  forth 
in  the  future,  is  decidedly  a  matter  of 
speculation.  But  there  seems  to  be  little 
cause  for  apprehension  just  at  present. 

However,  the  certainty  that  there  is 
a  limit  somewhere  ought  to  stimulate 
our  interest  in,  if  not  our  efforts  for, 
improved  methods  of  utilizing  fuel  oil. 
There  are  glaring  instances  of  needless 
waste.  A  prominent  railroad  official, 
noted  for  his  careful  observation  of 
combustion  conditions  and  test  results, 
informed    me    two    years    ago    that    the 


try  in  1924  used  63,000,000  barrels  of 
precious  fuel  oil. 

I  now  wish  to  discuss  a  very  recent 
development  which  is  closely  allied 
with  the  subject  of  oil  fuel,  namely, 
the  use  of  powdered  coal  as  fuel  in 
furnaces  originally  designed  for  oil 
burning. 

Oil  for  steam  purposes  must  compete 
with  coal  on  a  price  basis.  But  these 
prices  fluctuate  and  vary  with  respect  to 
each  other.  When  the  price  of  oil  is 
within  any  sort  of  range  of  that  of  coal, 
oil  is  the  preferred  fuel  for  many  rea- 
sons. 

A  demand  seems,  therefore,  to  exist 
for  a  burner  and  furnace  equipment  that 
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will,  with  little  or  no  change  or  altera- 
tion, handle  either  coal  or  oil.  Coal  in 
the  powdered  form  lends  itself  to  such 
an   idea. 

Just  what,  if  any,  modification  in  fur- 
nace design  may  be  required  has  not  yet 
been  fully  worked  out,  but  the  burner 
has  been  developed  suitable  for  both 
fuels,  and  incidentally  the  application 
to  the  combustion  of  powdered  coal  of 
principles  which  have  long  been  success- 
fully used  with  oil  has  resulted  in  a 
surprisingly  short,  clear  flame  and  in- 
dicates a  probable  very  considerable  re- 
duction in  the  furnace  volumes  required. 

This  burner  is  the  development  of  the 
Peabody  Engineering  Corporation  and 
is  now  being  tested  in  connection  with 
unit  pulverizers  by  the  New  York  Edi- 
son Company,  at  the  Sherman  Creek 
Plant  of  the  United  Electric  Light  and 
Power  Company,  New  York.  No  official 
results  of  these  tests  are  yet  available, 
but  I  may  say  that  the  figures  are  ex- 
tremely gratifying  and  indicate  a  real 
advance  in  the  art. 

One  of  the  circumstances  that  en- 
courages the  belief  that  a  combination 
coal  and  oil  burner  is  desirable  is  the 
recent  change  from  oil  to  coal  fuel  in 
the  boiler  plant  of  the  American  Sugar 
Refining  Company  in  South  Boston.  I 
think  the  following  letter  which  we  re- 
ceived from  Mr.  F.  M.  Gibson,  plant 
engineer  of  that  company,  may  be  of 
interest  in  this  connection,  both  for  its 
engineering  and   economic   aspects: 

"In  reply  to  ycur  recent  letter  asking  the 
reason  for  changing-  from  oil  to  coal  in  our 
Boiler    House,    let   me    assure   you    that    it    was 


due  solely  to  the  comparative  purchase  prices 
of   oil   and   coal. 

"Contrary  to  general  impression,  the  con- 
tract proposals  for  fuel  oil  for  1025  quoted 
prices  lower  than  the  price  paid  in  1924. 
This  reduction  was  more  than  offset  by  the 
decided  reduction  in  the  price  of  coal. 

"With  a  highly  successful  oil  installation, 
such  as  we  had,  with  its  high  efficiencies,  case 
of  control,  ability  to  closely  follow  a  rapidly 
fluctuating  steam  demand,  ease  in  placing  a 
boiler  on  or  off  the  line,  low  repair  costs, 
accuracy  in  measuring  fuel  and  cleanliness, 
it  is  difficult  to  understand  why  any  operating 
engineer  would  wish  to  change  to  coal  burn- 
ing for  any  other  reason  than  the  price  of 
fuel. 

"Pulverized  fuel  systems  were  considered, 
but,  for  reasons  of  high  initial  cost  and  struc- 
tural alterations  required  for  large  furnace 
volumes,  it  was  found  advisable  to  install 
underfeed    stokers. 

"The  installation  of  stokers  has  proven 
satisfactory  in  every  way,  and  the  reduction  in 
steam  costs  shows  that  the  change  was  justified. 

"If  there  is  any  further  information  on  this 
subject  which  you  may  desire,  please  do  not 
hesitate    to   call   upon    us." 


Mr.  Peabody  then  showed  a  number 
of  interesting  illustrations  of  early  and 
later  improved  methods  of  utilizing  fuel 
oil,  and  discussed  the  various  conditions 
conducive  to  improved  efficiency  in  the 
use   of   oil. 

Typical  oil-burning  plants  were  il- 
lustrated, including  the  original  installa- 
tion of  Peabody-Fisher  wide-range  me- 
chanical atomizers  at  the  American 
Sugar  Refining  Company,  Boston. 

In  conclusion,  the  Peabody  Combined 
Pulverized  Coal  and  Oil  Burners,  in- 
stalled at  the  Sherman  Creek  Plant  of 
the  United  Electric  Light  &  Power 
Company,  New  York,  were  illustrated 
and  described. 
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Diesel  Engines  for  New  England  Power  Plants 

By  J.  F.  Hecking 

Worthington  Pump  and  Machinery  Corporation,  Cambridge,  Mass. 


In  determining  the  proper  prime 
mover  for  Installation  in  a  central  sta- 
tion or  an  industrial  plant  it  is  gen- 
erally found  that  factors  other  than  the 
efficiency  of  the  units  are  of  primary 
importance.  If  this  were  not  true  we 
would  find  that  practically  all  our  in- 
dustries of  moderate  capacities  would 
be  equipped  with  internal  combustion 
engines  operating  on  the  Diesel  cycle, 
since  this  is  the  most  efficient  prime 
mover  produced  commercially. 

The  limiting  factors  are  suitability 
or  cost,  or  both.  For  fuel-burning  sta- 
tions the  proximity  of  low-cost  fuel,  the 
load  factor,  and  quite  a  number  of  other 
items  are  of  importance  in  determining 
suitability.  Nearly  all  of  these  con- 
siderations also  apply  to  hydro-electric 
developments,  which,  however,  have 
several  additional  items,  the  most  im- 
portant being  development  cost  and 
location   of  demand. 

When  we  consider  the  remarkable 
over-all  efficiencies  that  are  being  re- 
ported from  forty,  fifty,  and  sixty  thou- 
sand kilowatt  turbo-generators;  per- 
formances running  up  to  15,000  B.  t.  u. 
per  kilowatt  on  the  switchboard  when 
operating  on  reheating  cycles,  we  are  in- 
clined to  wonder  to  what  extent  the 
improvement  can  be  carried  on.  But 
here  we  encounter  a  limitation.  Of 
what  use  are  these  efficiencies  when  units 
of  30,000  kw.  or  more  are  required  to 
develop  them  and  when  there  are  not 
fifteen  central  stations  throughout  New 
England  having  an  installed  capacity 
of  30,000   kw.? 

Diesel  Engines  for  Central  Stations 

A  recent  survey  of  the   fuel-burning 

central    station    capacity    east    of    New 


York  gives  a  total  of  2,050,000  kw. 
Of  the  total  number  of  stations,  over 
65  per  cent  are  of  less  than  7500  kw. 
capacity. 

It  is  in  these  smaller  stations,  which 
are  usually  located  close  to  a  demand, 
that  the  Diesel  engines  may  be  installed 
to  advantage.  Taking  care  of  such  re- 
mote demands  from  the  larger  central 
stations  is  always  limited  by  the  line 
cost  and  transmission  losses  which  quick- 
ly nullify  the  economies  of  the  larger 
station. 

As  you  are  all  familiar  with  steam- 
plant  costs,  we  will  examine  in  detail 
the  case  for  the  Diesel  plant  of  7600 
kw.  The  station  would  be  made  up  of ' 
four  1900  kw.  units  giving  a  peak  capac- 
ity of  5700  kw.  with  one  unit  as  a  spare 
at  all  times.  The  building  required 
would  be  approximately  80  ft.  square. 
For  such  a  station  the  installation  and 
power  costs  are  as  follows: 

Real    estate    $      6,000 

Building    75,000 

Siding    3,000 

Oil  tanks 20,000 

Water   storage    5,000 

Water  and  oil  piping 5,000 

Engines    680,000 

Generators 80,000 

Switchboards    30,000 

Motor   wiring      5,000 

Light  wiring    3,000 

Outdoor  dist.  structure    8,000 

Auxiliary  compressors    2,000 

Equipment  foundations 18,000 

Water  intake    7,000 

Water  supply  pumps 3,000 

Exhaust   piping    5,000 

Intake  air   filters    2,000 

Crane     7,000 
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Machine  shop  equipment  .  .  .         $6,000  These    figures    compare    quite    favor- 
Contingencies     30,000  ably  with  those  of  fuel-burning  central 

stations  of  much  larger  capacity. 

Total     $1,000,000  The  matter  of  water-power  develop- 

<,  ment   is  being  given  considerable  atten- 

„     1              1     -ij-           J  tion    throughout    New    England.      The 

Real  estate,  buildmg  and  r.  r.  •  i          i                                                   i        . 

.  ,.                                           ^  ,AAnr,n       idea     that     water     power     costs     almost 

siding    $  100,000            ,  .                    ,     u         V              i           j 

^           °.              .                  ,  nothing  seems  to   be  quite  popular  and 

Generating     units,     complete  •     i_       j             i               n      .          r 

.  ,       °     .    ,  ,         ,     ^      ,  is    based   on    the    excellent   performance 

with       switchboard       and  .            .                         ^   .             ^ 

„-„  „„„      of  certain  stations  now  operating.      We, 

wiring     o50,000          „                   ,              ,           ■   v^     r  Zi.      r    ^ 

„.   .        °                     ,  rr.  AAA      of  course,  do  not  lose  sight  of   the  fact 

Piping,    pumps,    and    storage  50,000        ,                       •           j                   u-      r    . 

r     oi    r      r  }                     o  if^^l-    economic    and    geographic    factors 

have  made  quite  a  number  of  the  larger 

'^°^^^     $1,000,000  water-power     developments     successful. 

The   cost    for    the    complete    installa-  These    developments   have   been    on   the 

tion  would  be  about  $132  per  kilowatt  more  favorable  sites  where  the  develop- 

installed.      On    a   peak   capacity   figured  ment  costs  have  been  low  or  where  the 

with   one   unit   off,    the    cost    would    be  load  was  near  by. 

$175    per   kilowatt-hour.  Comparisons     are     frequently     made 

The  costs  of  operating  the  above  plant  with      water-power     developments     out 

for  various  loads  are  as  follows:  West.     Such  comparisons  are  usually  on 

25%  Load  Factor  Cost  fer 

Fuel   @  6c  per  gallon $  80,000  Kilowatt-hour 

Labor — 6  men 15,500 

Lubricants    2,500 

Miscellaneous  supplies    3,000 

Production    charges     $101,000  8.1    mills 

Fixed  charges  @    13%    130,000  10.4  mills 

Total    $231,000  18.5   mills 

5  0  %  Load  Factor 

Fuel     $140,000 

Labor— 7  men   1 7,000 

Lubricants     3,600 

Miscellaneous  supplies        3,400 

Production    charges    $164,000  6.6  mills 

Fixed  charges  @   14%    140,000  5.6  mills 

Total    $304,000  12.2   mills 

75  %  Load  Factor 

Fuel    $202,000 

Labor — 8  men 19,500 

Lubricants    4,200 

Miscellaneous  supplies    3,800 

Production    charges     $229,500  6.1    mills 

Fixed  charges  @    1  5  %    1  50,000  4.0  mills 

Total    $379,500  10.1    mills 
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a  head,  flow,  and  storage  basis,  and  no 
mention  is  made  of  relative  land  values, 
flooding  damages,  and  highway  reloca- 
tion. These  factors  may  cause  a  New 
England  development  to  cost  over  50 
per  cent  more. 

According  to  the  best  information 
available,  the  water-power  sites  in  New 
England  amount  to  about  570,000  kw. 
based  on  60  ^er  cent  availability.  Of 
this  total  about  45  per  cent  can  be  ob- 
tained at  a  cost  of  $15  0  per  kilowatt  or 
less;  the  remainder  will  cost  up  to  $600 
per  kilowatt  installed. 

These  figures  cover  the  items  of  land 
and  water  rights,  reconstructed  roadways, 
and  power-plant  structures;  they  do  not 
include  the  stand-by  equipment,  which 
will  bring  the  cost  of  the  complete 
plants  in  the  first  group  mentioned 
to  about  $300  per  kilowatt,  while  the 
second  group  would  run  up  to  $800  per 
kilowatt  based  on  the  kilowatt  capacity 
of  the  water  turbines. 

As  the  cost  of  the  water-power  devel- 
opment increases  it  becomes  necessary 
to  devote  more  attention  to  the  efficiency 
of  the  stand-bv  equipment.  The  present 
practice  of  using  steam  engines  or  tur- 
bines frequently  burdens  these  stations 
with  charges  which  on  the  low  average 
amount  to  about  1  5  per  cent  of  the 
power  costs.  It  is  safe  to  assume  that 
this  can  be  brought  down  to  much  less 
than  8  per  cent  through  a  proper  appli- 
cation of  Diesel  engines. 

This  assumption  may  seem  very  broad, 
but  it  must  be  remembered  that  first, 
the  Diesel  engine  is  very  efficient;  sec- 
ond, the  efficiencv  is  almost  independent 
of  the  load  within  the  usual  commercial 
variations;  third,  the  size  of  the  units 
has  little  effect  on  the  efficiency;  and 
last,  there  is  no  radical  difference  in 
cost  between  a  Diesel  plant  and  a  good 
steam  plant. 

Because  of  the  second  and  third  items 
it  is  possible  to  operate  a  small  unit  of 
fiv^e  or  six  hundred  horsepower  in  paral- 
lel with  the  water  wheels  during  the 
beginning  of  a  low  water  period  and 
taking  the  load  on  a  second  or  a  larger 


unit  as  the  water  shortage  increases. 
Coupled  with  this  flexibility  there  is 
the  complete  absence  of  stand-by  fuel 
consumption;  in  short,  the  combination 
is  ideal.  The  combination  has  been 
applied  to  a  number  of  the  smaller  I 
stations  in  New  England,  and  in  each  ^ 
instance    has    proved    successful. 

We  have  considered  the  application  of 
Diesel  engines  to  central  stations.  As 
to  whether  they  can  be  applied  to  in- 
dustrial  plants  will   now  be   considered. 

Diesel   Engines   for    Industrial 
Plants 

In  industrial  plants  the  decision  as  to 
suitability  of  a  source  of  power  is  based 
principally  on  the  size  and  character 
of  the  load,  the  relative  fuel  cost, 
and  the  necessity  of  producing  heat. 
Throughout  New  England  the  last  item 
is  of  utmost  importance;  first,  because 
heating  of  plants  is  necessary  from  six 
to  eight  months  of  the  year,  and  second, 
because  a  few  of  the  principal  industries  . 
require  hot  water  for  process  work. 

The  majority  of  the  industries  in  New 
England  have  a  very  satisfactory  type 
of  power  load;  it  starts  at  a  definite 
time  and  continues  at  m  almost  uniform 
rate  throughout  the  day.  In  several 
industries,  it  continues  almost  uniform 
for  over  125  consecutive  hours.  On 
loads  of  this  type  the  central  stations 
can  and  do  make  very  reasonable  rates — 
rates  which  are  practically  at  cost. 

When  this  type  of  load  for  some 
economical  reason  is  much  removed 
from  the  central  station,  transmission 
costs  begin  to  build  up  the  rates  so  that 
purchased  power,  although  very  reason- 
able in  view  of  the  circumstances,  be- 
comes expensive.  For  such  stations 
Diesel  engines  are  advantageous. 

Let  us  take  for  example  a  plant  with 
an  average  demand  of  5  00  kw.  for  48 
hours  per  week.  Usual  industrial  prac- 
tice sanctions  the  installation  of  just' 
enough  capacity  to  take  care  of  the  maxi- 
mum demand  without  stand-by  units, 
and  in  our  example  we  will  install  600 
kw. 
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The  power  plant  will  be  made  up  of 
two  300  kw.  units  in  a  building  40  ft. 
square.  The  installation  and  power 
costs   are   as    follows: 

Real  estate $  2,000 

Building    10,000 

Siding    1,^00 

Oil  tanks 1,000 

Water   storage 2,000 

Water  and  oil  piping    2,000 

Engines    68,500 

Generators 8,000 

Switchboards    2,500 

Wiring     1,500 

Auxiliary  compressors 900 

Equipment  foundations    3,500 

Exhaust  piping    1,500 

Contingencies     3,000 

Total $107,900 

Summary 

Real  estate,  building,  and  r.  r. 

siding     $    13,500 

Generating  units,  complete 
with  switchboard  and  wir- 
ing              87,000 

Pump,   piping,   and   storage  7,400 

Total    $107,900 

The  cost  would  be  about  $179  per 
kilowatt   installed. 

Industrial  plants  do  not  obtain  the 
higher  load  factors  which  are  always 
desirable.  We  have  assumed  for  our 
example  a  load  factor  of  25  per  cent 
and  the  cost  will  be  as  follows: 

Fuel     $  8,450 

Labor     3,000 

Lubricants    300 

Supplies    200 

Production   charges    $11,950 

Fixed  charges  @   13%         ...       14,000 

Total     $2  5,95  0 

For  this  plant  the  production  charges 
would  be  9.1  mills  per  kilowatt-hour, 
and  10.6  mills  for  the  fixed  charges — 
a  total  of   19.7  mills  per  kilowatt-hour. 


The  above  figures  compare  favorably 
with  the  purchased  power  rates;  in  fact, 
most  manufacturers  with  such  a  demand 
are  paying  more  than  this  for  their 
power.  As  compared  with  the  costs  of 
those  plants  producing  their  own  power, 
and  which  need  quantities  of  steam  for 
heating,  there  may  be  some  division  of 
opinion. 

There  is  an  idea  quite  prevalent 
among  operating  engineers  that  power 
costs  nothing  when  generated  from  steam 
subsequently  used  for  heating.  If  it 
were  possible  to  strike  a  balance  whereby 
the  power  consumption  would  vary  as 
the  weather,  there  would  be  some  basis 
for  this  assumption.  In  the  majority  of 
New  England's  industries  the  power 
demand  is  fairly  constant,  and  the  de- 
mand for  heat  in  the  form  of  steam  is 
only  during  six  or  seven  months  of  the 
year,  and  then  in  variable  quantities. 

If  the  power  demand  is  sufficiently 
large  it  is  possible  to  produce  a  very 
efficient  bleeding  system,  but  on  the 
average  the  system  becomes  rather  ex- 
pensive. With  such  systems  the  power 
bill  becomes  negligible  during  the  colder 
periods  of  the  winter,  but  with  the 
average  steam  equipment  about  75  per 
cent  of  the  entire  annual  fuel  bill  is 
chargeable  against  power. 

Several  plants  are  using  Diesel  en- 
gines in  conjunction  with  inexpensive 
steam  equipment  to  satisfy  both  power 
and  heat  requirements.  The  steam  en- 
gine carries  the  load  to  the  extent  of 
the  steam  requirement,  and  the  Diesels 
provide  all  the  power  and  hot  water  for 
process  work  and  service  outlets  during 
the  part  of  the  year  when  heating  is 
not  necessary. 

The  large  stations  which  have  been 
built  in  New  England  are  equipped 
with  turbo-generators  because  this  type 
of  prime  mover  has  been  considered 
most  suitable.  One  of  the  objections  to 
Diesel  engines  in  these  larger  stations 
has  been  the  necessity  of  using  six  or 
eight  engines  to  accomplish  the  work 
of  one  or  two  turbines.  At  present  en- 
gines   up    to    9000    hp.    are    in    marine 
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service,  and  there  are  now  a  number  of 
stations  of  more  than  10,000  hp.  oper- 
ating. With  the  development  in  this 
country  of  engines  over  1200  hp.  per 
cylinder  there  are  available  engines  of 
larger  sizes,  two  or  three  of  which 
would  satisfy  most  power  demands. 

Summary 
Diesel  engines  for  moderate-sized 
stations  are  receiving  more  and  more  at- 
tention by  power-plant  designers.  These 
engineers,  after  giving  all  the  factors 
full  consideration,  find  that  the  Diesels 
fill  the  demand  for  efficiency  and  econ- 
omy. 


The  small  installations  are  those  in 
which  Diesel  engines  nearly  always 
work  out  advantageously.  Because  of 
the  inefficiency  of  small  steam  equip- 
ment, the  cost  of  fuel  in  small  quanti- 
ties, or  because  of  the  cost  of  power  in 
small  quantities,  the  Diesel  engines  are 
being  installed  in  increasing  numbers. 
Based  on  the  best  information  available 
the  sales  of  Diesel  engines  in  sizes 
under  500  hp.  have  amounted  to  over 
a  third  of  a  million  horsepower  during 
the  past  year.  This  figure  will  gradu- 
ally increase  as  the  advantages  are  more 
universally   realized. 
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Possibilities  of  Obtaining  Industrial  Power  from 
Public  Service  Corporations 

By  L.  R.  Nash 

Vice-President,  Operating  Division,  Stone  &  Webster,  Inc.,  Boston,  Mass. 


It  is  my  purpose,  In  discussing  the 
subject  of  the  supply  of  utility  power 
to  industries,  to  deal  with  only  the 
broad,  general  principles  which  enter 
into  comparative  costs.  Illustrations 
might  be  given  of  specific  propositions, 
but  the  typical  character  of  any  selected 
illustration  might  in  some  respects  be 
open  to  question.  It  will,  therefore, 
better  serve  our  purpose  and  avoid  con- 
fusion to  deal  only  with  fundamental 
considerations. 

The  supply  of  utility  power  to  in- 
dustries has  developed  almost  wholly 
within  the  last  twenty-five  years.  In 
fact,  twenty  years  ago  only  3  per  cent 
of  the  total  power  requirements  of 
manufacturing  industries  was  purchased 
from  public  utilities.  This  percentage 
has  increased  steadily  in  the  intervening 
years  and  rapidly  within  recent  years. 
In  1922,  37  per  cent  of  all  industrial 
power  in  the  United  States  was  fur- 
nished by  public  utilities  as  compared 
with  24  per  cent  (less  than  two-thirds 
of  the  purchased  quantity)  generated 
electrically  by  the  industries  themselves. 
The  balance,  39  per  cent,  was  produced 
and  distributed  mechanically  from  steam 
or  water-power  plants  owned  by  the  in- 
dustries. 

The  amount  of  the  mechanical  class 
of  power  has  decreased  both  in  quantity 
and  proportion.  The  quantity  of  elec- 
trical power  generated  by  the  industries 
has  steadily  increased,  but  the  percentage 
has  remained  fairly  stable  until  recent 
years,  during  which  it  has  diminished. 

Electric  power  plants  owned  by  man- 
ufacturing    industries     in     the     United 


States  have  an  aggregate  capacity  of 
something  over  6,000,000  kw.  Of  this 
total  30  per  cent  is  in  the  iron  and 
steel  industry,  which  requires  process 
steam,  has  by-product  fuel,  or  for  other 
reasons  can  produce  power  at  low  net 
costs.  The  chemical  industry  has  about 
1  5  per  cent  of  the  total  and  also  requires 
large  quantities  of  process  steam.  Tex- 
tiles, coal  mining,  and  paper  and  print- 
ing come  next  in  order  with  plant  ca- 
pacities ranging  from  1 1  per  cent  down 
to  3  per  cent  of  the  aggregate.  Other 
industries  have  less  opportunities  of  re- 
ducing their  cost  of  power  through  bv- 
products  or  steam  requirements.  In  all 
important  groups  except  iron  and  steel, 
first  mentioned,  the  amount  of  electric 
power  purchased  is  greater  than  that 
generated,  but  not  greater  than  the  total 
power  generated  by  the  industries,  in- 
cluding mechanical  means. 

The  industrial  power  situation  in 
Massachusetts  is  not  essentially  diff'erent 
from  that  in  the  country  as  a  whole. 
Our  industries  have  a  total  reported 
available  power  capacity  of  about 
1,800,000  hp.  to  take  care  of  an  actual 
load  of  1,250,000  hp.  This  apparent 
reserve  capacity  is  not  typical  of  the 
isolated  plants,  and  probably  includes 
motor-rated  capacities  or  purchased  pow- 
er availability  in  excess  of  actual  loads. 
One-sixth  of  the  total  capacity  is  in  in- 
dustries requiring  process  steam.  The 
total  annual  power  requirements  of 
Massachusetts  industries  are  equivalent 
to  about  7,500,000,000  kw.h.,  of  which 
30  per  cent  is  produced  by  water  pow- 
er.     Approximately  one-half   the    total 
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power  requirements  are  furnished  by 
the  industries  themselves  and  one-half 
is  utility  power,  the  proportion  of  the 
latter  being,  therefore,  appreciably 
greater  than  for  the  United  States  as 
a   whole. 

It  is  now  in  order  to  consider  the  rea- 
sons for  the  progressive  increase  in  the 
use  of  utility  power  in  manufacturing 
industries.  Power  costs  are  commonly 
divided  into  two  groups,  covering  in- 
vestment charges  and  operating  costs,  re- 
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capacity,  a  reduction  of  50  per  cent.  In 
1923  public  utilities  had  more  than 
eighty  stations  with  a  capacity  of  50,000 
kw.  or  more.  Practically  all  the  growth 
in  public  utility  plants  during  the  last 
twenty  years  has  been  in  those  with  ca- 
pacity exceeding  5000  kw.  Many  small 
plants  have  become  non-operative  be- 
cause of  their  absorption  in  intercon- 
nected systems.  At  the  present  time  60 
per  cent  of  the  total  utility  generating 
capacity  is  in  modern  turbine  units. 
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spectively,  and  these  groups  will  now  be 
considered. 

With  the  passage  of  time,  increases 
have  occurred  in  the  sizes  of  both  in- 
dustrial and  utility  plants.  The  in- 
crease in  the  latter  has,  however,  far 
exceeded  that  of  the  former.  In  1907 
public  utility  power  plants  which  had 
capacities  of  5  000  kw.  or  less  contained 
30  per  cent  of  the  total  capacitv  of 
such  stations.  In  1923  such  stations  in- 
cluded  only    15    per   cent   of    the   total. 


It  is  obvious  that  a  large  power  plant 
costs  less  per  unit  of  capacity  than  a 
small  one.  An  efficient  coal-burning 
station  of  large  capacity  (by  which  I 
mean  15  0,000  kw.  or  more)  can  be 
built  at  a  cost  of  about  $100  per  kilo- 
watt. The  unit  cost  does  not  decrease 
materially  for  larger  plants,  but,  on  the 
other  hand,  an  increase  is  distinctly  no- 
ticeable in  smaller  plants.  For  capac- 
ities of  30,000  kw.  the  cost  will  be 
about    $150    per    kilowatt;    for    10,000 
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kw.,  not  less  than  $200;  and  with  still 
higher  costs  for  smaller  plants.  These 
costs,  shown  in  Fig.  1,  are  intended  to 
be  generally  representative  of  well- 
designed  stations  with  consistent  atten- 
tion to  efficiencies  in  all  cases.  Many 
small  stations  are  built  at  lower  costs 
than  those  indicated,  but  without  the 
assumed  efficiency  and,  therefore,  in- 
volving a  higher  over-all  cost  of  power. 

We  have,  therefore,  at  the  outset  a 
distinct  advantage  for  public  utilities  in 
the  lower  unit  cost  and  carrying  charges 
of  their  power  stations.  This  is  offset 
only  in  part  by  the  cost  of  the  transmis- 
sion and  distribution  lines  and  custom- 
ers' sub-stations  which  the  utilities  must 
provide  to  deliver  power  to  industries. 
For  large  customers  this  supplementary 
cost  will  run  from  $10  to  $20  per  kilo- 
watt, depending  upon  the  extent  to 
which  transformation  is  necessary  and 
the  distance  of  the  customer  from  the 
supplying  station.  Where  long-distance 
transmission  is  involved  in  such  power 
supply  it  is  assumed  that  the  cost  of  such 
transmission  is  offset  by  the  lower  cost 
of  hydro-electric  power  or  generation 
in  interconnected  systems  or  super- 
power tidewater  stations. 

Large  utility  plants  also  have  an  ad- 
vantage in  a  diminishing  percentage  of 
relay  capacity  required  to  insure  contin- 
uous service.  A  study  of  existing  plants 
throughout  the  country  shows  that  the 
smaller  ones  (10,000  kw.  and  under) 
have  reserve  capacity  of  25  to  30  per 
cent,  whereas  stations  of  200,000  kw. 
and  upwards  have  about  10  per  cent. 
This  latter  percentage  may  in  some 
measure  be  due  to  the  availability  of 
smaller  relay  stations.  It  has  been 
pointed  out  that  the  reserve  installed 
capacity  in  Massachusetts  industries  is 
about  SSVi  per  cent.  This  may  not  be 
typical,  and  the  lower  percentage  of 
relay  capacity  required  in  utility  sta- 
tions is  not  offered  as  a  significant  con- 
tributing factor  toward  lower  cost  of 
utility  power.  Many  industries  oper- 
ate their  own  power  plants  without  re- 
serve capacity  and  secure  service  which 
may  compare  in  reliability  not  unfavor- 


ably with  that  furnished  by  public  utili- 
ties, at  least  where  extensive  transmission 
is  involved. 

An  investment  factor  which  is  of  im- 
portance lies  in  what  is  called  the  di- 
versity in  utility  power  load.  This  di- 
versity arises  from  the  intermittent  char- 
acter of  power  use  and  the  general  use 
of  lighting  service  at  times  when  power 
requirements  are  substantially  reduced. 
To  the  extent  that  utility  plants  can 
utilize  their  capacity  to  serve  two  or 
more  distinct  classes  of  customers  at  dif- 
ferent times,  their  unit  investment  for 
each  class  is  reduced.  An  industrial 
plant,  on  the  other  hand,  while  hav- 
ing diversity  in  use  among  different 
processes,  has  no  such  advantage  in  this 
respect  as  is  enjoyed  by  utility  plants, 
and  each  unit  of  investment  must,  there- 
fore, be  carried  by  a  relatively  smaller 
output. 

It  is  more  common  to  refer  to  the 
extent  of  use  of  facilities  by  the  term 
"load  factor,"  the  ratio  of  average  load 
to  maximum  load  for  a  given  period,  or 
the  percentage  of  the  time  which  maxi- 
mum load  would  continue  in  order  to 
give  an  output  equal  to  the  actual.  In- 
dustrial plants  have  a  load  factor  under 
ordinary  operating  conditions  less  than 
25  per  cent,  continuously  operated  in- 
dustries being,  of  course,  an  exception. 
A  well-developed  utility  power  system 
has  a  load  factor  of  40  per  cent,  and 
there  are  many  cases  of  much  higher 
load  factor.  Utility  station  load  factors 
have  increased  to  a  significant  extent 
with  the  advent  of  power  loads.  A 
typical  Massachusetts  station  which  has 
been  under  my  observation  for  many 
years  had  twenty  years  ago  an  annual 
load  factor  of  20.3  per  cent.  It  now 
has  a  load  factor  of  40.6  per  cent,  or 
exactly  double  that  of  twenty  years  ago. 
Although  better  lighting  and  more  ex- 
tensive appliance  service  have  contrib- 
uted to  this  improvement,  the  major 
part  of  it  should  be  credited  to  in- 
dustrial power  supply,  and  is  indicative 
of  the  extent  to  which  utility  plants 
can  take  on  industrial  load  without  pro- 
portional increase  in  investment. 
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Turning  now  to  operating  costs,  we 
find  comparisons  also  favorable  for  utili- 
ty power  service.  The  average  fuel  con- 
sumption in  utility  plants  is  not  far 
from  two  pounds  per  kilowatt-hour.  The 
largest  and  most  modern  plants  use  but 
little  more  than  one  pound  of  coal,  or 
about  15,000  B.t.u.  Only  a  few  years 
ago  the  average  consumption  was  three 
pounds.  The  improvement  has  come 
about  through  increase  in  size  of  sta- 
tions and  more  intensive  engineering 
studies  of  efficiency.  It  is  interesting  to 
note  that  in  1919  public  utility  plants 
generated  24,000,000,000  kw.h.  with 
a  fuel  consumption  of  39,000,000  tons 
of  coal  or  its  equivalent.  Five  years 
later  the  steam-generated  output  had  in- 
creased to  30,000,000,000  kw.h.  with  a 
fuel  consumption  of  only  38,000,000 
tons,  or  1,000,000  less  tons  than  had 
been  required  five  years  before,  al- 
though the  output  had  increased  25  per 
cent. 

It  is  difficult  to  secure  comprehensive, 
reliable  figures  of  the  fuel  economy  of 
Industrial  plants.  Many  such  plants 
fail  to  keep  accurate  cost  statistics,  and 
the  compilation  of  all  such  costs  is  not 
available.  Indications  of  the  probable 
fuel  requirements  of  industrial  plants 
can,  however,  be  obtained  from  an 
analysis  of  the  performance  of  utility 
plants  of  varying  sizes.  Such  analysis 
shows,  for  the  United  States  as  a  whole, 
that  utility  plants  having  capacities  of 
50,000  kw.  and  upward  are  operating 
at  about  20,000  B.t.u.  per  kilowatt- 
hour.  Plants  of  capacities  from  10,000 
to  50,000  kw.  require  about  25,000 
B.t.u.  Plants  under  10,000  kw.  re- 
quire from  30,000  B.t.u.  upward.  A 
considerable  number  of  plants  of  500 
kw.  of  capacity  or  less  show  over  100,- 
000  B.t.u.  Such  high  consumption  is 
usually  due  to  poor  design,  low  load 
factor,  or  non-condensing  operation.  It 
therefore  appears  safe  to  say  that  in- 
dustrial plants  of  efficiencies  equal  to 
those  just  stated  for  their  respective 
sizes  will  require  two  or  more  times 
the   amount   of   coal    per    kilowatt-hour 


used  by  a  utility  plant  capable  of  serv- 
ing a  large  city  where  such  industries 
are  commonly  located. 

Based  upon  my  knowledge  of  in- 
dustrial plants,  I  am  inclined  to  think 
that  they  are  not  usually  operated  with 
the  same  skilled  attention  and  resultant 
efficiency  as  are  utility  plants  of  similar 
size.  The  constant  increase  in  utility 
power  supply  has  meant  repeated  addi- 
tions to  genera^ting  capacity  of  larger 
and  more  modern  units  and  an  increas- 
ing attention  to  engineering  refinements, 
with  the  result  that  modern  utility  sta- 
tions of  certain  capacities  are  much 
more  efficient  than  stations  of  similar 
capacities  installed  in  earlier  years.  In- 
dustrial power  plants  do  not  have  the 
same  opportunities  for  improvements  in 
economy. 

Among  the  remaining  operating  costs 
labor  is  the  most  important  item.  Ob- 
viously the  labor  cost  per  unit  of  out- 
put in  a  large  plant  is  much  less  than 
such  costs  in  a  smaller  plant.  This  state- 
ment is  confirmed  by  abundant  sta- 
tistics and  does  not  need  amplification. 
Utility  plants  have  an  advantage  here 
that  is  not  ordinarily  off'set  by  the  use 
in  industrial  power  plants  of  labor  that 
is  otherwise  partially  employed. 

It  is  also  obvious  that  the  incidental 
expenses  of  operation  and  maintenance 
costs  are  less  in  large  stations  than  in 
small  ones.  Many  utility  plants  have 
the  further  advantage  that  their  main- 
tenance is  taken  care  of  through  care- 
fully prepared  schedules  under  which 
every  important  piece  of  equipment  is 
periodically  examined  and  adjusted, 
thereby  keeping  operating  efficiency  at 
the  highest  point  and  avoiding  break- 
downs and  service  interruptions. 

Utility  plants  can  also  be  located 
more  favorably  with  respect  to  condens- 
ing water  supply  and  fuel  than  can  in- 
dustrial plants.  The  production  of 
power  is  only  an  incident  in  manufac- 
turing processes,  labor  and  other  fac- 
tors being  much  more  important;  and 
the  convenience  of  access  to  employees 
is  an  important  consideration  which  does 
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not  apply  in  the  case  of  utility  power 
plants.  All  the  above  factors  are  favor- 
able to  low  comparative  utility  power 
operating  cost. 

Of  the  two  classes  of  power  costs 
discussed,  it  appears  that  utility  plants 
are  apt  to  have  greater  advantage  in  op- 
erating cost  than  in  carrying  charges. 
The  latter  may  even  be  greater  than 
those  of  industrial  stations  which  have 
been  built  without  similar  regard  for 
operating  economy.  Many  industrial 
plant  managers  recognize  that  the  oper- 
ating cost  of  their  own  power  plants, 
while  originally  comparable  with  utility 
plant  costs,  has  not  kept  pace  with  utility 
plant  development  and  that,  if  they  did 
not  have  a  large  existing  investment  in 
power  facilities,  it  would  be  advisable 
to  purchase  utility  power.  Utility  man- 
agers in  increasing  numbers  are  recog- 
nizing this  situation,  but  are  confronted 
with  the  existence  of  an  operative  in- 
dustrial plant  which  would  be  idle  if 
their  service  were  substituted,  such  serv- 
ice ordinarily  requiring  not  only  active 
plant  equipment  but  also  a  suitable 
amount  of  relay  capacity.  The  problem 
has  been  to  eliminate  this  duplication  of 
spare  capacity,  and  it  has  been  solved 
in  some  cases  by  the  supply  of  so-called 
"unrelayed"  service.  Such  service  is 
furnished  by  utility  plant  equipment 
which  is  normally  held  in  reserve. 
When  active  equipment  is  withdrawn 
for  repairs  or  emergencies,  the  reserve 
equipment  must  be  used  for  regular 
utility  service  and  the  industrial  cus- 
tomer is  called  upon  to  operate  his  own 
plant  for  a  limited  period.  Such  serv- 
ice involves  lower  cost  to  the  utility  be- 
cause of  the  reduced  investment  re- 
quired, and  may  be  attractive  to  in- 
dustrial customers  if  absolute  continuity 
of  service  is  not  required,  and  the  prob- 
ability of  curtailments  of  the  utility 
supply  or  the  duration  of  such  curtail- 
ments does  not  involve  excessive  stand- 
by or  operating  costs  of  the  reserve  in- 
dustrial plant. 

No  further  discussion  of  rate  struc- 
tures is  appropriate  in   this  paper  other 


than  the  statement  that  the  demand 
form  of  rate,  commonly  used  by  the 
power  companies  for  wholesale  service, 
has  obvious  advantages  to  both  company 
and  purchaser,  and  permits  a  maximum 
development  of  business. 

It  has  been  well  said  that  the  proof 
of  the  pudding  is  in  the  eating,  A  re- 
port prepared  in  1924-  by  a  committee 
of  eminent  engineers  on  the  "Power 
Requirements  and  Sources  of  Supply  in 
New  England"  contains  some  interest- 
ing data  comparing  the  cost  of  power 
generated  in  New  England  industrial 
plants  with  the  rates  for  electric  power 
quoted  by  utility  companies.  The  figures 
given  in  the  report  and  summarized  in 
Fig,  2  show  normal  maximum  and  mini- 
mum utility  rates  covering  the  usual 
range  of  industrial  requirements,  and 
the  cost  of  power  produced  in  similar 
quantities  in  industrial  plants  without 
procfcss  steam  requirements,  and  under 
the  assumption  that  the  entire  exhaust 
from  these  power  plants  could  be  uti- 
lized for  such  requirements.  It  appears 
from  these  data  that  the  cost  of  indus- 
trial plant  power  up  to  nearly  10,000 
hp.  capacity,  without  process  steam  re- 
quirements, is  in  excess  of  the  normal 
maximum  rates  for  utility  service,  and 
that  when  all  steam  can  be  used  for 
process  purposes,  the  cost  of  industrial 
supply  is  also  greater  than  the  minimum 
rates  charged  for  utility  service  for 
plants  under  about  7000  hp.  capacity. 
Very  few  plants  make  such  extended  use 
of  process  steam,  and  the  conclusion  is, 
therefore,  justified  from  the  report  re- 
ferred to,  that  the  rates  for  utility 
power,  in  blocks  not  exceeding  10,000 
hp.,  are  normally  below  the  cost  of 
producing  this  power  by  the  industries. 
Where  larger  blocks  of  power  are  in- 
volved the  larger  and  more  efficient 
utility  plants  would  still  show  a  ma- 
terial advantage  although  the  smaller 
ones  might  not. 

The  estimates  of  industrial  power 
costs,  included  in  the  power  report  just 
referred  to,  presumably  include  many 
items    of    cost    which     are     frequently 
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omitted  from  estimates  of  such  costs 
made  for  comparison  with  utility  power. 
Among  the  items  so  omitted  are  adminis- 
tration and  other  pro-ratable  service, 
carrying  charges  on  fuel  and  other  sup- 
plies, rental  value  of  space  occupied, 
liability  and  other  insurance,  taxes,  ade- 
quate allowances  for  depreciation  and 
obsolescence,  and  a  fair  return  (as  dis- 
tinct from  a  bare  interest  rate)  upon  the 
invested  capital.  In  the  many  estimates 
which    I    have    examined    of    industrial 


products  of  the  industry  in  connection 
with  power  production.  In  many  cases 
such  as  the  steel  industry,  previously 
referred  to,  the  advantages  of  these  fac- 
tors are  such  that  utility  power  cannot 
advantageously  be  used.  Each  such  case 
should  be  the  subject  of  special  study 
and  decided  upon  its  own  merits.  The 
textile  plants,  at  least  the  cotton  mills, 
so  numerous  in  New  England,  do  not 
ordinarily  come  within  this  group  of 
doubtful  cases.     Their  requirements  for 
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power  cost  prepared  by  industrial  plant 
officials  or  engineers,  I  have  rarely  seen 
one  which  made  suitable  provision  for 
all  these  items.  Many  also  make  in- 
adequate provision  for  fuel  through  lack 
of  accurate  records  or  other  knowledge 
of  operating  economies  or  through  use 
of  manufacturers'  statements  of  pos- 
sible efficiencies  not  usually  maintained 
in  practice. 

This  discussion  has  not  considered  in 
detail  the  use  of  process  steam  and  by- 


steam  heating  do  not  ordinarily  exceed 
1  5  per  cent  of  their  maximum  power  re- 
quirements, and  the  peak  of  the  steam- 
heating  load  comes  during  early  morn- 
ing hours,  ahead  of  the  industrial  load, 
the  average  heating  load  during  pro- 
duction hours  being  substantially  less 
than  the  maximum.  Their  process- 
steam  requirements  vary  through  wide 
limits,  and  may  be  controlling  in  some 
cases. 

New  England  utilities  have  not  been 
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subject  to  keen  competition  from  one 
means  of  power  production  actively  ex- 
ploited in  other  parts  of  the  country. 
The  Diesel  engine  is  in  extended  use 
in  small  plants  in  the  south  and  west 
where  fuel  oil  is  cheap  as  compared 
with  suitable  grades  of  coal.  The  Diesel 
engine  is  an  efficient  unit  for  plants  of 
moderate  capacity.  It  has  a  fuel  con- 
sumption of  about  15,000  B.t.u.  per 
kilowatt-hour  for  fairly  large  units,  but 
this  efficiency  does  not  improve  as  the 
size  of  stations  increases  because  the 
number  of  cylinders  rather  than  their 
size  is  increased  to  make  up  the  total 
capacity.  The  high  investment  and  high 
upkeep  cost  bring  about  a  higher  over- 
all cost  of  power  in  large  stations  than 
from  turbine  units,  unless  the  fuel-oil 
cost  is  exceptionally  low  or  the  load  fac- 
tor exceptionally  high. 

The  rapid  growth  of  utility  power 
plants,  their  interconnection  over  large 
areas,  the  advantages  of  reduced  relay 
capacity,  and  the  continuous  operation 
of  the  most  efficient  units  of  the  system 
all  point  to  further  reduction  in  the  cost 
of  utility  power  and  its  more  favorable 
comparison  with  independent  industrial 
plants.  Our  power  development  in  this 
country  has  reached  limits  far  exceeding 
those  of  any  other  country.  With  only 
7  per  cent  of  the  world's  population,  we 
have    one-half    of    the    world's    use    of 


electric  power.  Our  industrial  workers 
have  seven  times  as  much  power  at  their 
elbow  as  those  of  other  countries  of  the 
world,  amounting  for  each  worker  to 
the  equivalent  of  about  forty  men.  It  is 
this  factor  which  has  contributed  very 
largely  to  our  national  prosperity  and 
the  comforts  and  advantages  enjoyed  by 
our  industrial  workers. 

In  closing  I  would  suggest  that  undue 
emphasis  has  frequently  been  placed 
upon  the  cost  of  power  in  industry.  On 
an  average  such  cost  amounts  to  less 
than  3  per  cent  of  the  value  of  in- 
dustrial products.  Industries  should  be 
located  and  managed  with  primary  at- 
tention to  the  more  important  elements 
of  cost,  such  as  labor  and  raw  material. 
None  of  these  important  factors  should 
be  sacrificed  in  the  interests  of  power 
economy  which  can  affect  the  final  cost 
of  the  product  by  only  a  fraction  of  1 
per  cent.  The  permissible  reduction 
of  investment  when  power  is  purchased 
and  the  curtailment  of  fuel  and  admin- 
istration problems  are  also  pertinent  fac- 
tors. Utility  power  is  increasingly  de- 
pendable and  has  increasing  advantages 
which  should  not  be  overlooked  in  a 
study  of  alternative  costs,  particularly 
when  such  costs,  as  stated,  usually  differ 
by  only  a  negligible  percentage  of  the 
value   of  manufactured   products. 


DISCUSSION 


Dr.  Samukl  W.  Stratton*:  I  have 
been  particularly  interested  in  this  paper, 
just  having  gone  through  the  problem,  of 
having  to  decide  whether  we  would  util- 
ize the  Public  Utility  current  or  extend 
our  own  plant,  and  there  were  a  great 
many  facts  given  in  this  paper  which  we 
would  like  to  have  had  some  few  months 
ago.  However,  obr  condition  is  not  quite 
the  same,  since  we  have  a  good  plant,  and 


an  increase  in  its  capacity  would  mean 
little  increased  cost  in  operation. 

I  was  particularly  interested  in  hear- 
ing Mr.  Nash  say  that  the  time  has  come 
when  industry  can  be  located  with  ref- 
erence to  raw  material  and  other  things, 
that  fuel  is  not  the  determining  factor. 

Question:  I  would  like  to  inquire 
what  percentage  of  electric  power  pro- 
duced it  is  possible  to  deliver  at  present 
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by  long-distance  transmission — say  100 
miles.  Supposing  a  factory  is  100  miles 
from  the  source  of  power,  about  how 
much  power  would  actually  be  received? 
What  would  be  the  loss  in  transmission? 

Mr.  Nash:  Transmission  lines  are 
usually  designed  for  losses  of  about  10 
per  cent,  and  that  is  to  a  considerable 
extent  independent  of  the  distance  of 
transmission. 

Question:   I    am    particularly    inter- 


ested in  the  figure  of  capacity  value  of 
steam  plants,  and  in  particular  Mr. 
Nash's  figure  of  $100  per  kilowatt-hour. 
I  would  like  to  ask  the  B.  t.  u.  rating 
of  his  $100  plant. 

Mr.  Nash:  Something  in  excess  of 
15,000  probably,  but  not  very  much  for 
a  large  plant.  A  small  plant  with  that 
low  unit  cost  would  have  a  much 
lower  efficiency  and  correspondingly 
higher  B.  t.  u.  rating. 
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Power  for  Textile  Mills 

By  Charles  T.  Main 

Engineer,  Boston,  Mass. 


Most  of  the  earlier  textile  mills  were 
located  upon  a  river,  in  order  to  taice 
advantage  of  water  power.  Many  of 
the  manufacturing  centers  were  started 
in  this  way,  and  the  sites  of  many  of 
the  isolated  mills  were  chosen  for  this 
reason.  Many  of  the  water  powers 
which  have  been  so  used  have  been  out- 
grown, and  in  some  of  these  places  there 
is  a  preponderance  of  steam  power  over 
water  power.  New  centers  of  manu- 
facturing have  grown  up,  where  cheap 
fuel  and  low  rates  for  transportation 
can  be  obtained,  and  many  mills  are 
driven  by  steam  power. 

More  recently  the  transmission  of 
electrical  current  and  the  use  of  elec- 
trical power  in  the  mills  have  caused 
water  powers  which  were  remote  and  of 
no  value  to  become  useful  and  valuable, 
and  have  enabled  the  construction  of 
central  power  stations  near  the  mines  or 
on  tide  water  where  cheaper  fuel  can 
be  obtained.  These  recent  developments 
have  made  it  possible  to  locate  the  mills 
more  advantageously  with  reference  to 
labor  centers  and  with  reference  to  the 
physical  structures,  light,  and  railroad 
facilities. 

The  chief  items  of  the  cost  of  textile 
manufacturing  are  materials  and  labor. 
The  cost  of  power  is  rarely  over  5  per 
cent  of  the  total  cost  of  the  product  of 
the  mill,  and  while  the  cost  of  power 
is  an  item  which  should  receive  careful 
consideration,  it  is  of  more  importance 
to  locate  in  some  place  where  a  suffi- 
cient number  of  operatives  can  be  pro- 
cured, and  where  reasonable  freight 
rates  can  be  made,  than  to  locate  where 
power  is  cheap  and  the  other  items  lack- 
ing.     The    relative    importance    of    lo- 


cating where  power  is  cheap  increases 
as  the  ratio  of  the  cost  of  power  to  the 
value  or  cost  of  the  product  increases. 

Some  of  the  earlier  mills  located  on 
a  variable  stream,  primarily  for  the  sake 
of  using  water  power,  which  power  to  a 
large  extent  requires  supplementary 
steam  power,  are  probably  handicapped 
on  account  of  their  location,  the  re- 
stricted methods  of  construction,  and 
by  the  necessity  of  maintaining  and 
running  a  double  power  plant. 

At  the  present  time,  many  of  these 
restrictions  have  been  removed  on  ac- 
count of  the  possible  use  of  electric 
power  produced  by  the  company  itself, 
or  which  can  be  purchased  from  some 
power  company  producing  by  water  or 
steam,  or  a  combination  of  both. 

In  many  instances,  the  promoter  of  a 
new  enterprise  can  have  his  choice  of 
producing  his  own  power  or  of  pur- 
chasing electric  current  from  a  Public 
Service  Corporation.  The  latter  course 
is  now  largely  followed  by  mills  of 
moderate  size,  which  have  not  a  consid- 
erable use  for  steam  or  warm  water  in 
the  manufacturing  processes.  The  prob- 
lem of  the  type  of  plant  to  be  used  has 
largely  disappeared. 

With  the  exception  of  some  plants  of 
small  size,  nearly  all  the  power  installa- 
tions being  made  in  textile  mills  now 
use  electric  transmission.  In  this  paper 
it  is,  therefore,  assumed  that  the  power 
will  be  transmitted  electrically. 

In  the  earlier  electrical  installations  it 
was  common  practice  to  use  large  mo- 
tors, 100  hp.  or  more  in  size,  to  drive 
large  groups  of  textile  machines.  There 
has  been  a  continuous  tendency  to  de- 
crease   the    size   of   the    group   of   ma- 
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chines  driven  by  one  motor,  and  to  use 
the  individual  motor  for  each  machine. 
It  is  common  practice  now  to  limit  the 
size  of  motors  for  group  drives  to  about 
40  or  50  hp.,  and  to  use  individual 
motors  ranging  in  size  from  J/2  hp.  to 
about  10  hp.  on  many  of  the  textile 
machines. 

As  regards  the  conditions  which  af- 
fect the  power  problem,  textile  mills 
may  be  divided  into  two  general 
groups: 

(a)  Plain  goods  cotton  mills,  which 
require  little  or  no  steam  or  warm  water 
in  their  manufacturing  processes,  and 
other  similar  mills. 

(b)  Woolen  and  worsted  mills, 
which  require  large  amounts  of  steam 
and  warm  water  in  their  finishing 
processes,  and  so  can  make  use  of  the 
waste  heat  from  the  generation  of 
power,  and  similar  mills. 

There  is,  roughly,  1^  million 
horsepower  used  bv  the  cotton  mills 
and  about  16  of  a  million  horsepower 
used  in  the  woolen  and  worsted  mills 
in   this  country. 

Steam  Power 

Nearly  all  values  and  costs  of  power 
are  at  the  present  time  compared  with 
the  cost  of  producing  power  with  steam. 
All  of  the  statements  of  cost  which 
follow  are  based  on  present  prices,  and 
are  subject  to  change  from  time  to  time 
with  the  change  in  any  element  going 
to  make  up  the  totals.  Prior  to  1913, 
prices  and  costs  were  fairly  constant; 
since  1913  they  have  increased  so  that 
today  they  are,  roughly,  double  the 
1913    prices. 

An  industry  which  is  not  vet  es- 
tablished can,  by  using  steam  power,  lo- 
cate at  any  place  where  it  seems  de- 
sirable; but  if  possible  the  location 
should  so  be  made  as  to  warrant  a  sup- 
ply of  water  for  boilers  and  condensers 
and  for  manufacturing  purposes,  if  anv 
is  required. 

In  making  up  the  cost  of  steam  power, 
all  charges  have  been  considered,  except 
interest  and  taxes  on  the  cost  of  land. 
The   fixed  charges,    including  deprecia- 


tion, interest,  insurance,  and  taxes,  have 
been  assumed  at  12.5  per  cent,  and  the 
running  time  50  weeks  of  48  hours 
each,  or  2400  hours  a  year.  In  de- 
termining the  cost  per  kilowatt-hour,  it 
has  been  assumed  that  the  average  load 
for  the  running  time  is  90  per  cent  of 
the  capacity  of  the  plant.  The  cost  of 
coal  is  assumed  at  $7.00  per  long  ton 
delivered  in  the  coal  pocket,  and  oil  at 
$2.00  a  barrel  in  tankage. 

The  principal  items  affecting  the  cost 
of  steam  power  are  as  follows: 

1.  Cost  of  fuel  delivered  to  boilers. 

2.  Amount   of  power  produced. 

3.  Fixed  charges  on  cost  of  plant. 

4.  Repairs   and    maintenance. 

5.  Attendance  and  supplies. 

6.  The  net  cost  is  reduced  in  some 
concerns  where  the  waste  heat  of  the 
power  plant  can  be  used  in  the  manu- 
facturing processes  in  the  form  of  low- 
pressure  steam  or  warm  water. 

Cost  of  Steam  Power  Using  Steam 
Turbines 

In  most  textile  mills,  the  power  plant 
will  vary  from  1000  to  5000  kw.  ca- 
pacity. There  will  be  some  instances 
where  the  power  used  is  less  than  1000 
kilowatts,  and  some  in  which  the  power 
required  will  be  more  than  5000  kilo- 
watts, but  for  the  purposes  of  this  pa- 
per, we  have  considered  this  range  as 
sufficient  for  illustration. 

For  most  textile  mills  requiring  plants 
of  less  than  5000  kw.,  the  installation 
of  two-story  boiler  houses,  mechanical 
stokers,  and  mechanical  coal-handling 
apparatus  does  not  seem  warranted  to 
reduce  the  unit  operating  costs,  which 
include  fixed  charges. 

For  a  5  000  kw.  plant,  the  last  two 
columns  in  Table  1  show  the  differ- 
ences in  costs  between  a  simple  instal- 
lation  and  the  more  complicated  plant. 

With  modern  plants,  the  figures  in 
Table  1  for  cost  installation  and  opera- 
tion are  fair,  when  steam  is  not  used 
for  anything  but  power. 

In  many  places  mills  run  longer  hours 
than   48    a   week,   and   coal    can   be    de- 
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Table    1 


COST  OF  5TEPMP0WEP  USING  STE/^M  TUPBINES 
IN  TEXTILE  MILL  PLANTS 

OPEQQTING  50  WEEK'S  OF  4S  HOUJPS  EF)CH  02  2400  H0UP5  PE2  YERP             \ 

Size  of  Pl3nt  in  K.W. 

1000 

2000 

5000 

4000 

5000 

5000 

Boiler  House,  No.Sf^or/es 

1 

1 

I 

! 

1 

2 

Type   of  Si'okers 
Coal  Handlino  Me  f hod 

Hand 

Hand 

Hand 

Hand 

Hand 

hfech. 

Cosf  of  Phnt per KY^. 

$178 

$152 

$130 

$120 

$110 

$133 

Co3l  Used.  Lbs.  per  KW.Hr 

3.1 

2.1 

2.6 

2.5 

2.4 

2  2 

POIVEP  COST,  BURNING  COOL 
Yearly  Cost  per  KV^ 

$55.00 

$47.00 

$44.00 

$4100 

$39.00 

$38.00 

Cosf  perKWHrincenh 

2  56 

2.  IS 

2.04 

1.90 

1.81 

1.79 

POWER  C0SIBURN1N6  OIL 
yearly  Cost  per  KM 

358.00 

S4&50 

$45.00 

$42.00 

S  39.00 

$43.00 

Cosf  per  K.W.Hr  in cenh 

2.66 

2.2  d 

2.10 

1.94 

1.81 

1.95 

livered    at    $4.00    a    ton,    and   construc- 
tion costs  are  less. 

With  54  hours  a  week  and  $4.00 
coal,  and  no  change  in  cost  of  plant, 
1000  kw.  could  operate  at  $47.44  a 
kilowatt,  or  1.95c  a  kilowatt-hour,  all 
costs  included;  and  5000  kilowatts 
could  operate  at  $3  3.40  a  kilowatt,  or 
1.37c  a  kilowatt-hour,  all  costs  included. 

Effect  of  Use  of  Waste  Products 
It  has  been  common  practice  for 
many  years  to  use  exhaust  steam  of  non- 
condensing  engines  and  steam  from  the 
receivers  of  compound  engines  for  man- 
ufacturing purposes  and  for  heating 
buildings. 

The  saving  by  the  use  of  exhaust 
steam,  which  would  otherwise  go  to 
waste,   is   considerable.      In    some   mills, 


especially  colored  mills,  if  the  power  is 
not  produced  by  steam,  so  that  the  low- 
pressure  steam  can  be  used  for  manu- 
facturing purposes,  it  would  be  neces- 
sary to  maintain  a  boiler  plant  of  suffi- 
cient size  to  produce  an  equivalent 
amount  of  exhaust  or  receiver  steam 
thus  used. 

The  bleeder  type  of  steam  turbine 
lends  itself  to  this  manner  of  running 
better  than  the  reciprocating  steam  en- 
gine, and  supplies  steam  free  from  oil 
for  process  work. 

In  addition  to  saving  in  coal,  there  is 
some  saving  in  fixed  charges  on  a  por- 
tion of  the  boiler  plant,  and  attendance 
in  the  boiler  house. 

The  reduction  effected  by  the  use  of 
low-pressure  steam  upon  the  net  cost 
is  shown  approximately  in  Table   2. 


Table   2 


SEDUCTIONS  IN  COST  OF  POWEQ.  EFFECTED  BY  THE  USE  OF 
EXHAUST  Oe   BLEEDE2  STEfiM 

Lor/  Pressure  Sfeam  in  \ 
percent  of  Total.        ) 

25 

50 

75 

100 

SRVIN6S  IN  POWEQ  COST 
Yearly  savings,  perfC.W. 

Savinqs  per  K.W.Hr  in  cents 

$7.00- $10.00 
0.33  -  0.45 

$12.50-513.50 
0.58  -0.63 

$18.00 -$23.50 
0.85-  1.10 

S23.50-$30.50 
1.08   -  1.42 
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Water    Power 

The  cost  and,  consequently,  value  of 
water  power  depend  upon  a  variety  of 
factors,  but  the  essential  fact  is, 
whether,  considering  the  combined  re- 
sult of  all  these  factors,  power  can  be 
produced  and  delivered  as  cheaply  in 
this  manner  as  by  any  other  method. 

The  chief  items  affecting  the  cost  and 
value  of  water  power  are  as  follows: 

1 .  The  quantity  of  water  and  the 
uniformity  of  flow  during  the  year  or  a 
succession  of  years. 

A  power  whose  flow  is  constant  is  the 
most  valuable. 

If  the  flow  is  variable,  it  must  be  sup- 
plemented by  steam  or  other  power,  and 
the  value  diminishes  as  the  need  of  sup- 
plementary power  increases.  The  vari- 
ability may  be  so  excessive  as  to  make 
the  cost  of  maintaining  and  running  a 
double  plant  more  expensive  than  it 
would  be  to  produce  the  same  amount 
of  power  by  steam  power  alone. 

2.  The  power  which  can  be  derived 
from  a  definite  quantity  of  water  in- 
creases directly  in  proportion  to  the 
head,  and  the  cost  of  development  in- 
creases per  horsepower  as  the  head 
diminishes. 

3.  The  location  of  the  power  has  a 
large  effect  upon  the  value,  but,  as 
stated  before,  the  ability  to  transmit 
power  electrically  has  rendered  useful 
and  of  value  many  powers  which  other- 
wise would  be  valueless.  It  is  now  pos- 
sible, in  many  cases,  to  so  locate  a  mill 
as  to  get  the  desirable  features  and  to 
run  it  electrically  by  water  power,  but 
even  in  such  a  case  the  location  of  the 
water  power  has  a  large  effect  upon  its 
value,  for  the  cost  of  transmission  lines 
will  be  greater  for  larger  distances  to 
be  run,  and  the  line  losses  greater. 

4.  The  use  of  exhaust  steam  and 
overflow  water  from  the  condenser  for 
manufacturing  purposes  tends  to  reduce 
the  net  cost  of  steam  power  and  there- 
fore to  reduce  the  value  of  water  power 
for  this  particular  use. 

The  chief  items  in  the  yearly  cost  of 
power  are: 


1.  Fixed  charges,  as  interest,  depreci- 
ation, insurance  and  taxes,  on  the  de- 
velopment. 

2.  Repairs  and  maintenance. 

3.  The  cost  of  supplementary  power, 
if  any  is  necessary  to  make  up  for  the 
fluctuation  in  water  power. 

4.  Attendance  and  supplies. 

Cost  of  Hydro-Electric  Power 

No  definite  sum  can  be  fixed  as  the 
cost  of  water  power,  as  this  depends 
largely  upon  the  conditions  which  affect 
the  cost  of  the  development.  Each 
case  must  be  considered  on  its  own 
merits.  As  the  chief  cost  of  water 
power  is  usually  the  fixed  charges  on 
the  cost  of  the  development,  the  first 
cost  is  the  most  important  item  for  con- 
sideration. 

In  a  development  substantially  made, 
the  fixed  charges  for  interest,  deprecia- 
tion, insurance  and  taxes,  and  the  re- 
pairs may  be  as  low  as  9  per  cent,  with 
a  short  transmission  line,  to  12  per  cent 
with  a  long  line.  For  the  purposes  of 
this  paper,  they  are  assumed  at  1 0  per 
cent. 

One  hundred  dollars  a. kilowatt  would 
be  considered  a  low  cost  development. 
The  cost  in  most  instances  would  be 
greater  than  this,  and  some  develop- 
ments have  been  made  in  which  the 
cost  has  been  so  great  that  it  has  been 
impossible  to  make  it  a  paying  invest- 
ment until  the  capital  charges  are  scaled 
down. 

A  uniform  power  development  at 
reasonable  cost  is  a  valuable  asset  which 
bids  fair  to  increase  in  value  as  time 
goes  on.  A  uniform  power  at  high  cost 
may  not  be  profitable.  A  varying  power 
at  high  cost  is  pretty  sure  not  to  be 
profitable. 

Table  3  shows  in  a  general  way  the 
cost  of  power  under  varying  conditions 
of  construction  cost. 

The  above  costs  are  for  current  on 
the  switchboard  in  the  generating  sta- 
tion. The  effect  of  transmission  losses 
is  to  increase  the  cost  of  power  delivered 
to   the    mill    in    proportion    to   the   per- 
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Table   3 

ppppoxmffrr  COST  of  u/v/fopm  hydpo-electpic  powep 

DELIVEPED  fiT  POWER  PLffNT  5W/TC^B0f}PD 


Size  of  Plani  in  J^W. 

1000 

2000 

3000 

4000 

5000 

Assumed  P/anf  Cost  per  k'W. 

Power  Cosh  per  k'W  per  year 
>•    K.W.Hn  in  cents 

SlOO 

$1400 
.65 

$100 

$1325 
.61 

SlOO 

$12.50 
.57 

SlOO 

$11.75- 
.53 

$100 

$11.00 
.50 

(Assumed  Plani  Cost,  per  k'.W. 

Power  Cost  per  K.W.  per  year 
K.W.Hr  in  cents 

$200 

$25.00 
1.17 

8  200 

$2435 
1.13 

$200 

$2345 
1.09 

$200 

$22.60 
1.05 

$200 

$21.75 
1.00 

Bssumed  Plant  Cost  per  K.W. 

Power  Cost  per  K.W.  per  year 
■•    K.W.Hr  in  cents 

$300 

$36.10 

1.70 

$300 

$35.30 
1.65 

$300 

$3440 
1.60 

$300 

$33.55 
1.55 

$300 

$32.65 
1.50 

centage  of  loss  on  the  transmission  lines. 
These  losses  for  short  lines  would  be 
roughly  5  per  cent,  and  for  long  lines 
1 0   per  cent. 

Adding  10  per  cent  to  the  last  set  of 
figures  in  the  preceding  table,  we  have, 
as  shown  in  Table  4,  the  approximate 
cost  at  the  end  of  the  line,  assuming 
the  cost  of  plant  and  line  at  $300  a 
kilowatt. 

Effect  of  Variable  Power 
That  portion  of  the  power  which  is 
uniform  and  which  can  be  depended 
upon  all  of  the  time  is  called  "perma- 
nent power"  or  "primary  power,"  and 
that  power  which  is  variable  and  can- 
not be  furnished  all  the  time  is  called 
"surplus  or  secondary  power." 

It  is  the  latter  kind  of  power  which 
we  will  now  discuss. 

The  effect  of  variable  power  is  the 
necessity  of  a  supplementary  plant  of 
sufficient  capacity  to  make  up  the  de- 
ficiency  of    water    power,    or    the    pur- 


chase of  electric  current  for  this  pur- 
pose. 

In  some  few  instances,  the  variation 
of  flow  is  so  great  that  the  extreme  low 
flow  is  insufficient  to  generate  any  use- 
ful power,  and  sometimes  the  back 
water  may  be  so  great  as  to  reduce  the 
working  head  to  such  an  extent  as  to 
make  it  useless  for  power.  In  such 
cases  as  these,  it  would  be  necessary  to 
maintain  a  supplementary  plant  of  the 
same  capacity  as  the  primary  plant,  cost- 
ing, roughly,  three-quarters  as  much  per 
kilowatt  as  given  for  regular  steam 
power;  for  the  purpose  of  discussion, 
say  $100  a  kilowatt. 

Usually  there  is  some  permanent  use- 
ful power  in  all  developments,  but  all 
power  developed  above  the  permanent 
must  be  supplemented  as  stated  above 
if  it  is  desired  to  produce  continuous 
power,  and  there  are  very  few  Industries 
which  can  succeed  unless  they  can  be 
run  continuously. 


Table  4 
DELIVEPED    RT  CONSUMERS  END  OF  TPf^NSMISSION  LINE 


Size  of  Plant  in  K.W. 

1000 

2000 

3000 

4000 

5000 

Rssumed  Plant  Cost,  per  k'.W. 

Power  Cost,  per  K.W.  per  year 
•■    K.W Hr  in  cents 

$300 

$39.80 
1.87 

$300 

$38.80 
1.82 

$300 

$3780 
1.76 

$300 

$36  90 

1.71 

$300 

$35.90 
1.65 
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The  fixed  charges  on  the  supple- 
mentary plant  would  go  on,  whether 
this  plant  was  used  or  not,  at  12.5  per 
cent,  or  $12.50  per  kilowatt-year.  To 
this  must  be  added  the  cost  of  operating, 
which,  under  a  varying  load,  would  be 
less  economical  than  regular  steam 
power,  and  would  cost  from  $2.30  to 
$3.25  per  kilowatt  a  month. 

The  total  cost  of  power  in  such  cases 
would  be  approximately  as  is  shown  in 
Table    5. 

Every  $100  increase  in  the  cost  of 
the  hydro-electric  development  adds 
$10  a  year  in  fixed  charges  to  the  cost 
of  power  per  kilowatt. 

Thus  a  1000  kilowatt  plant,  costing 
$200  a  kilowatt,  costs  $25  a  kilowatt  for 


if  necessary,  by  steam  power  or  pur- 
chased electric  current,  should  be  made, 
with  the  cost  of  producing  the  same 
amount  of  power  by  steam  alone  or  pur- 
chasing all  of  it, 

The  cost  of  the  water  power  and  the 
supplementary  power  must  not  be  more 
than  the  cost  of  steam  power  alone  or 
purchased  current  alone. 

If  considerable  quantities  of  steam  or 
warm  water  can  be  used  in  the  manu- 
facturing processes,  the  amount  which 
can  be  invested  in  water  power  is  less 
than  could  be  for  a  plain  mill. 

As  the  variations  in  costs  and  uses 
are  great,  each  case  requires  careful 
study,  and  there  must  be  kept  in  mind, 
so  far  as  can  be  foreseen,  possible  future 


Table   5 

FiPPQOXIM^TE  COST  OF  V/^PmBlE  HYDI?0- ELECT  PIC  POWEQ 

POWEP  COSTS  PEP  KILO  WftTT  PEP  YEHP  FOP  HYDPO  ELFCTPIC 
PLWTS  HPVJNG  STEnM  PUXIL IQPY  POWEP PLPNTS 


She  of  Plant  inK.W. 

1000 

2000 

3000 

4000 

5000 

Cosf  of  Hydro  -^lec.  Plant  per  KW. 

$200 

$200 

$200 

$200 

$200 

Yearly  Cost  Hydro  -Elec.Planf per  K.Yi. 

RUXILIPBY  5TERM  PLffNT 
Yearly  Fixed  Charges,   per  IT  W. 
Opera fin^  Cosf  each  rnonlh  per  k'.W. 

TOTfiL  YEftQLY  POWEQ  COST  PEP  KW 
Sfeam  Plant  running  1  month 
5 learn  Plant  running    ^months. 

S  25.00 

12.50 
325 

40.75 
5315 

$24.35 

1250 
2.75 

39.60 
50.60 

$23.45 

12.50 
2.50 

38.45 
48.45 

$2250 

12.50 
2.40 

37.50 
47.00 

$21.75 

12.50 
2.30 

36.55 
45.75 

steady  power.  If  supplemented  by 
steam  to  its  full  capacity  for  five 
months,  the  total  cost  of  power  would 
be  $53.75.  If  the  cost  is  $300  a  kilo- 
watt, including  transmission,  the  yearly 
cost,  if  supplemented  for  full  five 
months,  would  be  $65  -^-  .90  =  about 
$72  delivered. 

In  order  to  determine  whether  a 
water  power  should  be  developed,  and 
the  extent  to  which  it  should  be  de- 
veloped, a  comparison  of  the  total  cost 
of  producing  the  amount  of  power  re- 
quired  by   water   power,    supplemented. 


changes   in    fuel    prices   and   advance   in 
the  art. 

Purchased  Power 

Manv  mills  now  have  the  opportunity 
of  purchasing  electric  current  from 
some  central  power  station  or  power 
company  which  is  producing  power 
either  bv  steam  or  water  power  or  both. 

There  are  many  points  of  advantage 
to  the  mill,  if  such  power  can  be  pur- 
chased at  a  reasonable  price,  which  will 
not  be  discussed  here. 

Assuming  that  the  mill  will  consider 
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the  purchase  of  power  on  a  basis  of  cost 
of  production  by  its  own  plant,  how 
much  can  it  afford  to  pay  for  the  same? 

Table  6  shows  approximate  fair 
prices  for  purchased  power  for  plain 
and  colored  goods  textile  mills. 

With  an  established  mill  with  a  good 
power  plant  all  built,  the  mill  has  its 
investment  in  steam  plant  to  charge  off, 
and  it  could  afford  to  pay  an  amount 
somewhat  less  than  if  it  were  a  new 
mill  and  could  save  the  investment  in 
steam  plant.  The  amount  to  charge  off 
will  depend  on  how  many  years  the 
existing  plant  would  naturally  run  in  an 
efficient  manner,  and  it  can  be  spread 
over  this  length  of  time  or  done  in  a 
shorter   period.      If   the    steam   plant   is 


can    pay    considerably    more    for   power 
than   textile  mills. 

General  Conclusions 
Having  made  a  survey  of  the  possi- 
bilities of  the  production  of  power  by 
water  and  steam,  or  the  purchase  of 
electric  current,  a  conclusion  can  be 
reached  as  to  what  plan  should  be  fol- 
lowed. Each  problem  requires  its  own 
solution. 

At  the  present  stage  of  the  art,  the 
following  general  statements  can  be 
made  fairly  safely: 

For  Existing  Mills 
\.   Plain  mills  owning  and  operating 
water-power      developments      of      some 


Table  6 

F/^JP  PWCE5  FOP  PUKH^SFD  POWEQ  FOP  PL  PIN  &  COLOPED  600D5 
TEXTILE  MILLS 

Fair  prices  j-haf  Tex  file  Mills  could  afford  to  pay  for  guaranJ-eed 
power  are  ahouf  as  follows  ■ 


CfiPPClTY 
OF 

PIPNT 
K.W 

PUNNING  48  HP5.  PERW55K 
COfiL  ffTSlOO  PEP  TON 

PUNNING  54  H25.  PER.  WEEK 
COf)L  ftT  ^4.00 PEP  TON 

COST  PEP 
K.W.  PEP  Ye.          K.WHP. 

COST   PEP 
KW.PEPYP.         K'.W.MP. 

Plain  Co  f-ion  mills  usinq  exhausi  sham  for  he  aim  q  &  jlashinq  only. 

1000  KW. 

$55.00 

2.56  i 

$47.50 

1.954- 

5000  K.V^. 

S  39.00 

1.81  <f 

$33.50 

1.37  i 

Colored  Goods  Mills  usrnq  about  75%   of  the  power  plant   waste  heat. 

1000  KW 

S  32.00 

U7i 

S  28.50 

U74 

5000  KW. 

S  2100 

0.96^ 

$19.00 

0.7  &i 

not  efficient,  no  such  deduction  should 
be  made. 

For  amounts  of  power  less  than  1000 
kw.,  the  price  which  could  be  paid 
would  increase. 

All  of  the  figures  presented  have  been 
made  for  textile  mills,  the  load  of 
which  is  fairly  uniform  and  the  service 
less  severe  than  for  almost  any  other 
business.     Some  other  kinds  of  business 


merit,  usually  in  connection  with  steam 
power. 

(a)  If  the  water-power  plant  is 
old  and  inefficient,  remodel  it  and 
thus  increase  its  output. 

(b)  If  the  steam-power  plant  is 
old  and  Inefficient,  and  electric  cur- 
rent can  be  purchased  at  a  reasonable 
rate,    purchase     current    sufficient    to 
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make  up  for  the  lack  of  power  from 
the  water-power  plant. 

2.  Plain    mills    run    by   steam    power 
alone. 

If  the  steam  plant  is  old  and  ineffi- 
cient, and  electric  current  can  be  pur- 
chased at  a  reasonable  rate,  it  should 
be  done. 

3.  Colored  mills. 

(a)  If  the  water-power  plant  is 
old  and  inefficient,  a  study  should  be 
made  to  ascertain  if  it  will  pay  to  re- 
model it,  and  to  make  still  further 
use  of  the  water  for  power.  In  some 
cases,  where  the  mill  has  grown,  it 
has  been  necessary  to  conserve  all  the 
water  for  manufacturing  purposes. 

(b)  There  is  usually  so  much  use 
for    low-pressure    steam     and    warm 


water  for  process  work,  that  all  or 
nearly  all  of  the  heat  rejected  from 
the  steam  engine  or  turbine  can  be 
used,  thus  reducing  the  net  cost  of 
power  to  an  amount  probably  so  low 
that  it  will  not  pay  to  purchase  elec- 
tric  current. 

For  New  Mills 

1.  Plain  mills  of  moderate  size  can 
probably  purchase  current  cheaper  than 
it  can  be  generated  by  an  isolated  plant 
at  the  mills. 

2.  Colored  mills  of  any  size  can 
usually  produce  power  and  steam  and 
warm  water  for  manufacturing  processes 
cheaper  than  they  can  purchase  electric 
current  and  produce  the  required 
amount  of  steam  and  warm  water. 


DISCUSSION 


SidneyB. Paine*:  The  paper  to  which 
we  have  listened  must  be  of  great  value, 
as  it  contains  clear  and  concise  statements 
concerning  a  very  important  question 
which  has  been  under  consideration  by 
textile  manufacturers.  Mr.  Main's  dis- 
cussion is  based  upon  the  assumption  that 
the  mill  is  driven  by  motors.  The  cor- 
rectness of  this  assumption  is  supported 
by  the  census  of  1920,  which  showed 
that  in  this  country  three  million  horse- 
power is  required  to  operate  our  textile 
mills,  of  which  amount  two  million 
horsepower  is  delivered  by  electric  mo- 
tors. My  own  records,  which  have  been 
kept  in  detail  since  1893,  show  that  on 
January  1,  1925,  the  total  kilowatt  ca- 
pacity of  the  generators  installed  to  that 
date  is  only  about  43  per  cent  of  the 
horsepower  capacity  of  the  motors.  In 
recent  years  this  percentage  has  been 
smaller.  This  must  be  due  in  a  large 
part  to  the  fact  that  a  constantly  increas- 
ing percentage  of  the  current  to  operate 
the  motors  is  being  purchased  from  the 
public  utilities.  These  records  contain 
the    names    of     145     power    companies 


which  are  supplying  current  for  this  pur- 
pose. The  New  Bedford  Gas  and  Elec- 
tric Company  has  been  very  active  in 
this  field.  About  120,000  h.  p.  is  re- 
quired to  operate  the  textile  mills  in  that 
city.  Of  this  amount  65,000  h.p.  is  pur- 
chased from  that  public  utility.  This 
constitutes  nearly  80  per  cent  of  their 
total  output. 

In  arriving  at  a  conclusion  as  to 
whether  the  power  to  operate  a  new  mill 
should  be  generated  by  a  plant  owned 
and  operated  by  the  mill,  or  should  be 
purchased  from  an  outside  concern, 
there  are  other  matters  to  be  considered 
aside  from  the  relative  cost  of  the  cur- 
rent in  either  case.  The  cost  of  the  pow- 
er is  of  importance,  but  there  are  other 
items  of  greater  importance.  The  cost 
of  the  raw  material  and  labor  is  approx- 
imately 75  per  cent  of  the  total  cost  of 
the  manufactured  product,  varying,  of 
course,  with  the  grade  of  goods.  The 
cost  of  driving,  lighting,  and  heating  the 
mill  varies  from  5  to  10  per  cent  of  the 
total  cost.  The  power  plant  if  owned 
by    the    mill     adds    materially    to    the 
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amount  of  capital  required.  The  capital 
will  be  much  smaller  if  this  expenditure 
for  a  power  plant  can  be  avoided,  even 
if  the  capacity  of  the  mill  remains  the 
same,  as  a  higher  return  can  be  made  to 
the  stockholders  if  all  of  their  invest- 
ment is  expended  in  the  buildings  and 
producing  machinery.  If  the  demand 
for   steam   or   hot   water   in    the   manu- 


facturing processes  is  not  too  great,  the 
mill  can  afford  to  pay  more  for  pur- 
chased power  than  the  cost  of  power 
generated  upon  the  premises,  provided 
uninterrupted  service  can  be  secured 
with  the  minimum  variation  in  voltage 
and  periodicity.  This  latter  is  very  im- 
portant, as  the  speed  of  the  machinery 
will  vary  directly  with  the  periodicity. 
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Power  for  the  Paper  Industry 

By  Joseph  A.  Warren 

Vice-President,  S.  D.  Warren  Co.,  Cumberland  Mills,  Maine 


Paper  and  printing  rank  as  sixth  of 
the  major  groups  of  industries.  This 
year  there  will  be  produced  over  8,000,- 
000  tons  in  the  United  States,  of  a  value 
somewhere  in  excess  of  $1,000,000,000. 

The  fourteenth  U.  S.  census  gives  the 
following  figures  for  primary  installed 
horsepower  in  various  industries: 

All  industries    29,500,000 

Iron  and  steel 5,500,000 

Lumber  and  timber  prod- 
ucts                2,360,000 

Cotton  and  woolen  tex- 
tiles       2,330,000 

Paper   and  pulp    1,850,000 

Steel  and  paper  mills  run  twenty-four 
hours,  so  that  in  the  amount  of  power 
consumed  paper  takes  second  place,  and 
in  power  used  in  proportion  to  invest- 
ment. To  output  or  in  proportion  to 
employees,  paper  takes  first  place  among 
major  industries.  The  industry  also 
uses  large  quantities  of  process  steam. 
Beyond  this,  few  general  statements  can 
be  made.  Mills  vary  greatly  because  of 
the  character  of  their  product,  requir- 
ing different  processes,  and  this,  with 
local  conditions,  gives  each  mill  its  in- 
dividual power  problem.  They  are 
grouped  as  paper  mills  because  they  all 
make  a  continuous  web  of  paper  from 
vegetable  fibre  on  a  so-called  paper  ma- 
chine. A  paper  machine  is  always  the 
same  in  principle,  but  varies  greatly  in 
size  and  detail. 

In    order    to    understand    the    power 
problem,  it  is  necessary  to  recognize  two 
distinct  steps  in  the   industry: 
First — Preparation  of  pulp. 
Second — Making     of     pulp     into 

paper. 


The  two  processes  are  not  necessarily 
connected  in  one  mill.  A  great  deal  of 
pulp  is  produced  for  the  market  and 
supplied  to  the  so-called  converting 
paper  mills.  There  are  certain  economies 
in  the  combination  of  pulp  and  paper 
mills,  as  it  eliminates  the  cost  of  drying 
and  packing  the  pulp  for  shipment,  and 
gives  the  advantage  of  larger  units  in 
the  combination  of  stcarn  and  power 
plants. 

Wood  is  the  raw  material  for  over 
90  per  cent  of  the  pulp  produced.  In 
addition  to  this  perhaps  30  per  cent 
of  all  paper  used  is  collected  and  re- 
turned to  mills  to  be  remade. 

Two  kinds  of  pulp  are  made  from 
wood  by  distinct  processes. 

First — Mechanical  pulp,  made  by 
pressing  the  logs  against  a  grindstone  in 
the  presence  of  water,  a  cord  producing 
from  1800  to  2000  lbs.  of  pulp  at  an 
expenditure  of  about  70  hp.  per  ton 
per  twenty-four  hours. 

Second — Chemical  pulp,  made  by 
digesting  the  wood  after  it  is  cut  into 
chips,  with  powerful  chemicals  in  con- 
tact with  high-pressure  steam.  A  cord 
of  wood  in  this  process  produces  from 
1000  to  1200  lbs.  of  pulp.  After 
cooking,  the  pulp  is  usually  treated  with 
bleaching  powder. 

Wood  as  a  raw  material  was  intro- 
duced about  1870.  At  that  time  our 
consumption  of  paper  was  under  400,- 
000  tons.  The  discovery  of  an  abun- 
dant and  cheap  raw  material  greatly 
stimulated  the  industry  and  has  brought 
about  the  enormous  consumption  of 
printing  papers. 

News  print  makes  up  about  3  3  per 
cent   of    our   total    consumption.      It    is 
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made  of  mechanical  pulp  mixed  with  a 
small  percentage  of  chemical  pulp.  It  is 
made  in  mills  of  enormous  size,  com- 
bining the  pulp  and  paper  processes. 
The  location  of  the  mill  must  be  such 
as  to  afford  cheap  wood  and  power. 
Nearly  all  use  water  power,  and  the 
industry  has  been  a  pioneer  in  large 
water-power  developments.  A  news 
mill  will  use  about  70  kw.  per  ton  of 
paper  per  day,  80  per  cent  of  this  for 
grinding  wood.  The  grinders  are  usual- 
ly directly  connected  to  water  wheels, 
but  where  the  head  is  not  suitable,  or 
local  conditions  do  not  favor  this  ar- 
rangement, motors  are  used  in  large 
units.  The  making  of  the  news  paper 
from  the  prepared  pulp  is  similar  to 
that  of  other  papers  to  be  described 
presently  in  more  detail,  except  the  ma- 
chines are  of  enormous  size,  some  20  ft. 
wide,  running  at   1000   ft.  per  minute. 

Paper  board  mills  produce  about  30 
per  cent  of  our  total  paper.  This  is 
produced  largely  from  old  papers  in 
converting  mills  with  a  comparatively 
small  consumption  of  power.  Steam  is 
used  for  drying  in  sufficient  quantity  to 
yield  by-product  power  very  nearly  suf- 
ficient for  all  requirements.  The  mills 
are  therefore  located  near  large  cen- 
ters, having  in  view  a  supply  of  ma- 
terial and  proximity  to  market. 

Book  paper  makes  up  about  1 2  per 
cent  of  our  total  consumption,  and  writ- 
ing paper  about  4  per  cent.  The 
process  is  similar  for  both.  These 
papers  are  made  from  bleached  chemical 
fibre,  with  a  rag  content  for  the  high- 
est grades.  If  the  pulp  is  made  on  the 
premises,  it  is  pumped  to  the  paper 
mill  and  goes  through  the  so-called 
beating  procesi,  requiring  a  considerable 
amount  of  power,  in  units  of  about  100 
hp.  The  stock  next  passes  to  the  paper 
machine,  where  it  is  dewatered,  first  by 
gravity  and  suction  on  a  woven  wire; 
next,  by  pressing  on  a  felt  between 
heavy  rolls  to  a  water  content  of  about 
one-third  by  weight,  and  then  passes  to 
drying  cans  where  the  remaining  water 
is    evaporated    with    steam.       For    the 


higher  grades  of  book  paper  It  usually 
goes  through  several  supplementary 
processes  to  give  it  the  desired  surface, 
and  is  then  cut  into  sheets.  Through- 
out the  process,  power  is  required  in 
both  large  and  small  units,  and  nearly 
all  mills  are  driven  in  part  by  electric 
motors. 

A  book  mill,  making  its  own  pulp, 
will  require  power  and  steam  about  as 
shown  by  the  following  table: 

Kw.  per  ton  Steam — lbs. 

per  day  per  ton 

Pulp    mill    .  .    6.3       .    (cooking)    6000 
(evaporating)    4200 

Beaters  21.0 — 

Machines  2.5 6000 

Drying     ...     — 1570 

Miscellaneous    3.0 1080 

Electrolytic.      5.2 1300 

Radiation  — 3850 


38.0 


24,000 


The  paper  machine  determines  the 
output  of  the  mill,  and  everything  is 
organized  to  obtain  full  and  uninter- 
rupted operation  of  this  machine. 
There  are  no  idle  periods  for  adjust- 
ment or  oiling,  and  everything  must  be 
designed  and  built  for  constant  opera- 
tion. The  driving  of  the  machine, 
which  Is  properly  a  succession  of  ma- 
chines running  in  conjunction,  furnishes 
an  interesting  problem.  The  speed  of 
the  group  as  a  whole  must  be  capable  of 
variation  over  a  considerable  range,  and 
the  relative  speed  of  successive  sections 
must  be  under  control  so  as  to  provide 
the  proper  tension  of  the  web  of  paper. 
On  large,  high-speed  machines,  which 
overtax  the  limits  of  the  ordinary  me- 
chanical drive,  the  above  requirements 
are  very  nicely  m.et  by  the  use  of  sec- 
tional d.  c.  motors  under  a  common 
control. 

Book  and  writing  mills  usually  have 
some  water  power.  This  can  often  be 
used  efficiently  through  a  line  shaft, 
driving  beaters.  For  other  purposes  the 
tendency  is  now  to  use  motors  operated 
by  power  generated  either  locally  or  in- 
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many  cases  from  outside  sources,  the 
characteristics  usually  being  such  that 
they  can  tie  in  with  the  power  systems 
in  their  vicinity.  Water  powers  some- 
times fail,  and  very  commonly  a  steam 
power  plant  is  installed  for  emergencies. 
It  is  very  common  practice  to  drive 
paper  machines  with  a  steam  engine, 
using  the  exhaust  for  drying.  With  the 
efficiency  of  modern  turbines  and  the 
practicability  of  generating  steam  at 
high  pressures,  there  is  an  opportunity 
for  the  generation  of  considerable  by- 
product power.  Figures  have  been 
given  above  for  the  total  steam  con- 
sumption of  a  book  mill.  About  two- 
thirds  of  this  steam  is  utilized  for  dry- 
ing, requiring  but  a  few  pounds  pres- 
sure. The  passage  of  this  amount  of 
steam  through  a  turbine,  reducing,  say, 
from  200  lbs.  super-heated  to  10  lbs. 
exhaust,  will  yield  theoretically  nearly 
one-half  of  all  the  power  required. 
Still  more  could  be  obtained  from  steam 
at  higher  pressures. 

There  are  in  New  England  about  175 
paper  mills,   about    125    of   those   being 


converting  mills.  A  good  many  of 
these  started  to  operate  many  years  ago, 
before  the  days  of  wood  paper.  They 
built  on  streams  to  obtain  water  power 
and  water  for  the  process.  Rag  required  a 
good  deal  of  power  for  beating.  With 
the  substitution  of  wood  pulp,  power 
consumption  has  been  lessened.  With 
some  water  power  available,  combined 
with  engines  whose  exhaust  is  used,  as  a 
rule  the  cost  of  power  is  not  a  serious 
item.  In  New  England  the  cost  of 
coal  is  a  much  more  important  item. 

Very  large  quantities  of  water  are 
used  in  the  process,  and  a  dependable 
supply  of  good  water  is  an  essential. 
Pumping  operations  for  both  water  and 
stock  are  numerous.  Pumps,  often  in 
isolated  positions,  are  very  conveniently 
driven  by  motors.  Individual  motor 
drives  for  finishing  processes,  such  as 
super  calendering,  coating  machines  and 
cutters,  are  commonly  used,  and  the  effi- 
ciency of  such  machines  is  increased  if 
the  speed  is  variable.  This  speed  is 
usually  within  the  limits  obtainable  with 
a.  c.  equipment. 


DISCUSSION 


N.  J.  Neall*:  There  is  one  aspect  of 
the  situation  at  the  S.  D.  Warren  Com- 
pany plant — the  electrical — which  I 
would  like  to  mention  because  I  think 
it  exceptional. 

This  company,  which  is  located  near 
Portland,  Maine,  began  the  use  of  elec- 
tric power  as  early  as  1889,  and,  because 
of  the  conditions  existing  in  the  design 
of  alternating  current  motors  at  that 
time,  adopted  the  2-phase  system — oper- 
ating at  60  cycles — the  3 -phase  motor 
being  not  then  available. 

Since  then  it  has  developed,  in  all,  for 
its  own  use  four  hydro-electric  plants  on 
the  Presumpscot  River,  now  one  of  the 
most  completely  developed  and  best  reg- 
ulated rivers  in  the  country,  from  which 


power  is  transmitted  to  the  mill,  where 
turbo-driven  generating  units  have  also 
been  installed  as  relays.  For  some  time 
there  has  also  been  an  electric  connection 
with  the  system  of  the  Cumberland 
County  Power  and  Light  Company, 
whereby  surplus  power  (usually  hydro- 
electric from  another  watershed)  could 
be  used,  also  a  mutual  exchange  of  prime 
power  could  be  arranged  for  as  required. 
Important  exchange  of  service  has  thus 
been  made  feasible  between  these  two 
organizations,  especially  in  times  of 
emergency,  and  has  worked  out  quite 
satisfactorily  to  both.  Such  a  combina- 
tion is  furthermore  ideal  from  the  eco- 
nomic standpoint,  as  it  of  course  results 
in  highly  efficient  use  of  available  water 


♦Consulting   Engineer,    Boston,    Mass. 
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power  since  a  paper  mill  operates  on  a 
twenty-four  hour  basis  at  a  high  load 
factor. 

The  Presumpscot  River  valley  is  sub- 
ject to  considerable  lightning  disturb- 
ances, and  much  has  had  to  be  done  to 


free  S.  D.  Warren  Company  from  inter- 
ruptions from  this  cause.  On  the  whole, 
however,  the  record  of  operation  in  this 
plant  over  a  considerable  amount  of  years 
will  bear  very  favorable  scrutiny  from 
all  angles  of  the  power-supply  situation. 
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The  Utilization  of  Power  in  the  Typical 
New  England  Plant 


By  K.  D.  Hamilton 

Geo.  E.  Keith  Company,  Brockton,  Mass. 


The  subject  which  I  am  going  to  dis- 
cuss is  the  utilization  of  power  in  the 
typical  smaller  New  England  plant. 
No  plant  is  too  small  to  receive  con- 
sideration in  this  discussion,  for  every 
manufacturing  institution  must  use 
power  in  one  form  or  another;  and  be- 
cause of  the  broad  scope  of  this  topic 
it  will  be  necessary  to  present  this  paper 
in  generalities. 

We  will  consider,  for  instance,  any 
plant  up  to  1000  hp.  as  a  typical  unit. 
There  are  hundreds  of  small  manufac- 
turing plants  using  power,  but  the  sum 
total  of  the  power  consumed  in  these 
industries  more  than  counterbalances 
the  few  large  institutions  which  arc  in 
operation    in   our   New    England   States. 

We  are  entering  into  a  new  era  of 
competition,  where  competitive  sur- 
roundings require  the  most  efficient 
operation.  Production  managers  are 
seeking  methods  to  cut  costs  which 
five  years  ago  they  would  have  over- 
looked because  of  their  insignificance. 
Power  may  represent  to  the  relatively 
small  plant  an  extremely  small  percent- 
age of  the  total  cost  of  the  unit  pro- 
duced. Today,  however,  a  small  sav- 
ing, based  on  a  reasonable  investment, 
is  very  attractive  to  any  owner  or  super- 
intendent. 

Let  us  discuss  in  general  terms  the 
entire  field  of  power,  beginning  in  the 
boiler  and  engine  rooms  and  tracing  it 
through  the  distribution  lines  to  the 
factory,  including  not  only  electric 
power,  but  steam  which  is  used  for 
driving  power  apparatus  or  industrial 
process  work. 


We  have  two  types  of  power  plants 
in  these  states.  One,  which  through 
the  installation  of  new  equipment  and 
efficient  management  has  been  able  to 
operate  at  minimum,  cost.  Its  efficiency 
is  apparent  from  its  general  appearance. 
We  find  the  direct-connected  generator, 
driven  by  a  turbine  or  a  high-speed  Cor- 
liss or  Uniflow  engine.  Methods  have 
been  taken  to  reduce  heat  losses  through 
the  application  of  economizers,  stokers, 
the  latest  types  of  boilers,  efficient  coal 
and  ash  handling  equipment,  and — 
above  all  things — efficient  management. 
The  owners  of  the  business  have  appre- 
ciated that  without  the  proper  appli- 
ances men  cannot  produce  results.  They 
have  sensed  the  necessity  of  furnishing 
temperature  controls,  CO^,  recorders, 
boiler-feed  regulators,  steam  meters, 
draft  gauges,  efficient  coal-weighing  de- 
vices, and  similar  equipment. 

This  type  of  plant  produces  steam  at 
low  cost.  The  boilers  are  doing  better 
than  10  lbs.  of  steam  (from  and  at 
212°  F.)  per  pound  of  coal.  If  en- 
gines be  installed,  they  are  no  doubt 
consuming  15  to  24  lbs.  of  steam  per 
horsepower  when  operating  condensing, 
and  from  20  to  30  lbs.  of  steam  when 
running  non-condensing.  When  plants 
are  of  sufficient  capacity  to  utilize  tur- 
bines, water  rates  as  low  as  12  to  14 
lbs.  are  available  in  the  industrial  size 
of  equipment. 

The  larger  plants  have  usually  in- 
stalled water-tube  boilers  of  standard 
make,  where  higher  pressures  can  be 
carried.  These  are  either  hand-fired 
or    equipped    with    stokers,     depending 
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upon  the  size  of  the  plant.  Even  this 
apparatus  cannot  produce  steam  at  a 
low  figure  without  intelligent  opera- 
tion. 

What  a  contrast  is  the  other  type  of 
plant  to  the  one  above  described,  which 
has  been  well  managed.  We  find  in 
some  establishments  several  scattered 
boiler  and  engine  plants,  usually  con- 
sisting of  the  old  HRT  boiler,  set  about 
30  inches  above  the  grate,  and  a  fire- 
man doing  hi^  best  to  fill  the  entire 
combustion  chamber  with  fuel. 

The  brickwork  on  the  back  end  of 
the  boiler  has  settled,  and  the  cracks 
are  sufficient  to  allow  infiltration  of  air 
to  such  an  extent  that  it  would  be  im- 
possible to  obtain  perfect  combustion 
conditions.  We  find  that  the  ambition  of 
the  fireman  is  to  keep  up  steam  regard- 
less of  how  much  coal  he  burns.  The 
engineer  is  in  the  engine  room,  looking 
over  catalogs,  while  his  engine  is  groan- 
ing away  with  a  knock  in  the  main  bear- 
ing, and  the  packing  blown  out  of  the 
stuffing-box  on  the  piston  rod.  We 
look  at  his  feed  water  heater,  and  we 
find  oil  floating  on  the  top  of  the  water. 
We  ask  him  when  he  cleaned  his  boilers 
out  and  if  he  had  any  scale  in  his 
boiler — and  we  receive  the  reply  that 
he  had  at  least  ^  in.  on  the  back  end 
of  the  tubes,  but  he  thought  that  with 
the  new  compound  which  he  had  just 
purchased  it  would  come  off"  very  read- 
ily. 

We  find  the  old-type  slide-valve  en- 
gine, or  perhaps  a  Brown  or  Corliss, 
running  with  all  the  load  the  piece  of 
junk  will  carry.  We  ask  the  engineer  if 
he  ever  indicated  his  engine,  and  he 
answers  that  the  owner  did  not  feel  that 
he  could  afford  to  buy  an  indicator. 

It  is  for  this  type  of  plant  that  the 
greatest  benefit  can  be  obtained  by  study- 
ing power — its  production  and  utiliza- 
tion. We  talk  about  the  fuel  shortage. 
If  everybody  would  see  that  fuel  is 
used  as  economically  as  possible,  within 
reasonable  limits  of  capital  investment, 
fuel  consumption  would  be  reduced 
and  plants  would  be  operating  efficiently. 


Ekkicikncv  in   the  Boiler  Room 

Efficient  units  have  already  been  de- 
vised by  the  manufacturers  for  making 
possible  savings  in  power  generation. 
The  greatest  saving  today  can  be  made 
in  the  boiler  room.  Go  over  your 
brickwork  and  see  that  there  are  no  air 
leaks;  enlarge  the  combustion  chambers 
in  old  boiler  settings  to  insure  proper 
mixture  of  gases,  in  order  that  they  may 
be  burned  to  obtain  the  maximum 
amount  of  heat.  Check  up  flue-gas  tem- 
peratures, to  see  that  heat  is  not  being 
wasted  up  the  stack.  Obtain  as  high  a 
boiler  feed  temperature  as  possible,  and 
provide  your  engineers  with  at  least  a 
water  meter  and  a  coal  scale,  to  deter- 
mine what  his  evaporations  are. 

I  shall  never  forget  the  first  day  I 
crawled  through  an  ll"xl5"  man- 
hole into  an  HRT  boiler  to  find  out  the 
conditions  inside,  because  the  engineer 
said  the  boiler  was  clean.  I  found  scale 
on  the  back  end  of  the  tubes  and  rear 
head  at  least  Y^  in.  thick.  I  found  oil 
near  the  boiler  feed  pipe,  where  the 
water  discharged  into  the  boiler.  Upon 
looking  into  the  firebox  I  found  a  patch 
on  the  first  row  of  rivets;  and  I  finally 
came  to  the  conclusion  that  either  the 
operating  engineer  lacked  ambition  to 
keep  his  plant  in  condition,  or  the 
owners  did  not  realize  the  inefficient 
methods  which  were  prevailing. 

We  find  in  the  inefficient  plants  such 
items  as  pipe  coverings  omitted  from 
flanges,  from  return  lines,  and  in  some 
cases  even  from  high-pressure  supply 
lines.  Maintenance  men  know  what  it 
is  to  retube  boilers,  to  repair  brickwork 
on  Sundays  and  holidays,  to  rebore  cyl- 
inders after  some  engineer  has  found 
that  he  can  cut  down  on  his  lubricating 
oil,  to  repair  valves  and  main  belts  on 
engine  drives,  where  operating  engi- 
neers had  failed  to  carefully  preserve 
the  equipment. 

All  of  these  problems  arc  before  the 
manufacturer  today,  and  he  wonders  if 
he  can  afford  to  keep  such  a  poor,  in- 
efficient plant  in  operation.  No  mat- 
ter how  poor  the   lay-out  is,   proper  su- 
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pervision,  reasonable  expenditures  for 
new  equipment,  and,  above  all  things, 
co-operation  by  the  management,  can 
make  the  so-called  inefficient  plant  pro- 
duce power  and  steam  at  extremely  rea- 
sonable figures. 

When  the  owner  is  faced  with  the 
operation  of  an  old  plant,  he  has  before 
him  the  problem  of  purchased  versus 
manufactured  power.  If  he  has  a  large 
exhaust  steam  load,  or  use  for  steam  in 
industrial  processes,  he  knows  that  with 
a  reasonable  investment  he  can  undoubt- 
edly produce  power  at  a  lower  cost  than 
it  can  be  purchased.  Other  plants 
where  there  is  not  a  balanced  load  be- 
tween steam  and  power  find  that  it  may 
be  cheaper  to  buy  power  and  to  furnish 
steam  for  industrial  use  from  their  own 
boiler  plants.  The  important  question 
before  the  owner  is,  "Shall  I  make  addi- 
tional capital  investment  for  power  ap- 
paratus? Could  I  not  use  that  money  in 
my  plant  for  productive  machinery  and 
obtain  a  greater  return  on  the  invest- 
ment?" 

For  the  efficient  plant,  which  has  had 
the  proper  executive  control,  these  prob- 
lems may  be  readily  answered  through  a 
report,  embracing  the  arguments  on 
both  sides  of  the  question.  In  the  case 
of  the  inefficient  plant,  however,  the 
owner  does  not  know  which  way  to 
turn.  The  lack  of  records  in  some 
power  plants  af  reasonably  large  size  is 
appalling. 

I  hope  as  one  tangible  result  of  this 
meeting,  that  those  of  us  from  the  in- 
dustries will  go  back  and  look  over  the 
records  which  are  kept  in  the  power 
department;  and  if  we  cannot  find  intel- 
ligible figures,  install  some  system  to  give 
us  the  facts,  so  that  we  may  know  what 
we  are  doing,  and  how  much  it  costs. 
The  average  manufacturer  knows  that 
his  power  department  costs  him  a  cer- 
tain amount  at  the  end  of  the  year,  but 
he  does  not  know  what  it  costs  him  to 
produce  a  pound  of  steam,  how  much 
his  power  is  costing,  what  his  evapora- 
tion is,  or  the  many  other  things  which 


the  efficient  plant  keeps  as  a  daily  log 
sheet. 

Other  problems  which  the  owner  must 
face  are  the  additional  labor  troubles, 
and  the  responsibility  for  his  power  de- 
partment. Many  will  argue  that  it  is 
more  convenient  to  snap  on  a  switch  and 
get  the  service  rendered.  There  is  an- 
other side  to  the  story,  however,  in  the 
plant  which  has  intelligent  operation, 
co-operation  from  the  management,  and 
reasonably  efficient  machinery.  In  New 
England  we  have  a  heating  load  of 
from  six  to  eight  months.  A  great 
many  of  the  industries  require  steam  for 
industrial  purposes,  such  as  the  opera- 
tion of  dryers,  cooking,  and  heating. 
Where  the  steam  load  can  be  balanced 
against  the  power  load,  power  can  be 
produced  with  modern  machinery  at  ex- 
tremely low  figures,  and  will  show  the 
owner  an  appreciable  saving  over  pur- 
chased power. 

We  all  must  maintain  a  boiler  plant 
for  heating.  The  overhead  on  this  in- 
vestment must  be  carried,  regardless  of 
additional  apparatus,  for  the  generation 
of  power.  The  slight  additional  cost 
for  generating  equipment  may  in  many 
cases  justify  its  expenditure,  because  the 
power  will  be  obtained  as  a  by-product 
of  the  heating  load. 

Many  concerns  in  this  part  of  the 
country,  especially  in  the  wood-working 
industries,  have  sufficient  refuse  to  in- 
sure fuel  for  their  entire  power  load. 
This  is  a  case  where  there  is  no  argu- 
ment as  to  the  method  of  procedure. 
There  have  been  other  instances,  how- 
ever, where  it  was  cheaper  to  buv  power 
and  to  bale  the  sawdust  and  shavings, 
which  can  be  sold  at  a  ready  market  at 
higher  prices  than  those  which  could  be 
realized  by  utilizing  this  material  as 
fuel.  This  goes  to  show  that,  in  order 
to  solve  this  problem  intelligently,  each 
case  must  be  investigated  thoroughly  by 
some  competent  and  unbiased  engineer. 
Each  problem  must  stand  on  its  own  re- 
quirements, as  special  conditions  influ- 
ence the  decision  for  every  case. 
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Distribution  Problems 
We  have  discussed,  in  a  general  way, 
the  problems  of  the  power  and  boiler 
departments,  but  operating  men  know 
that  that  is  just  half  the  story.  The 
problems  of  distribution  of  electricity 
and  steam  from  the  boiler  plant  are,  in 
many  cases,  handled  inefficiently,  result- 
ing in  even  greater  losses  than  can  occur 
in   the  generating  station   itself. 

Electricity  is  usually  developed  for 
the  industrial  plant  at  2200  or  5  50 
volts  for  distribution  throughout  the 
plant.  With  a  scattered  plant,  the 
power  is  reduced  to  the  motor  or  light- 
ing voltage  at  each  building.  Tendencies 
toward  lower  motor  voltages,  especially 
on  individual  machines,  have  been  rec- 
ommended during  the  last  few  years 
because  of  the  hazard  which  is  apparent 
with  the  higher  voltage.  Machines 
equipped  with  individual  motors  oper- 
ate best  at  220  volts.  The  lighting  or 
heating  circuits  are  usually  run  at  about 
110  volts,  and  the  actual  voltage  at  the 
machine  depends  upon  the  line  losses 
and  the  Resign  of  the  circuit. 

Those  concerns  using  direct  current 
employ  rotary  converters  to  transform 
the  electricity  to  the  required  voltage. 
Direct-current  motors  are  not  used  ex- 
tensively for  transmission  drives,  but 
are  applied  to  machines  where  a  variable 
speed  is  necessary.  The  difficulties  with 
direct-current  motors  do  not  warrant 
their  use  unless  absolutely  necessary. 
Commutator  troubles,  brushes,  difficul- 
ties in  keeping  the  machines  clean,  and 
other  maintenance  problems,  warrant 
the  use  of  the  induction  motor  wherever 
possible. 

The  usual  method  of  distribution 
from  the  power  house  for  a  series  of 
buildings  is  from  a  system  of  feeder 
panels.  Wherever  possible  these  cir- 
cuits should  be  metered,  so  that  the 
amount  of  power  used  in  any  building 
can  be  charged  against  that  particular 
department.  Distribution  panels  should 
also  be  installed  in  each  building  for 
switching  circuits  to  various  depart- 
ments.    Here   again  the   individual   cir- 


cuit should  be  metered,  so  that  depart- 
mental charges  could  be  accurately  de- 
termined. Unless  an  organized  system 
is  laid  out,  including  weekly  reading  of 
all  meters,  to  obtain  an  accurate  distri- 
bution of  power,  estimates  are  made  de- 
pending upon  the  connected  load  in 
each  department. 

The  induction  motor  is  one  of  the 
greatest  inventions,  and  has  done  more 
for  the  advancement  of  industry  than 
any  other  system  of  power  transmission. 
It  is  universally  used  and,  if  given 
proper  maintenance  care,  its  life  should 
be  continuous.  In  purchasing  induc- 
tion motors,  however,  purchasing  agents 
and  engineers  should  be  familiar  with 
the  characteristics  of  the  motors  which 
they  buy,  namely,  power  factor  and  effi- 
ciency. Other  characteristics  should  be 
observed,  such  as  size  of  shaft,  size  and 
type  of  bearings,  capacity  of  oil  wells, 
air  circulation,  and  general  appearance 
of  the  apparatus.  Too  little  care  is 
given  to  the  efficiency  and  power  factor 
characteristics  in  installing  motors  in 
most  factories. 

A  few  of  the  maintenance  difficulties 
which  plant  engineers  have  to  contend 
with  in  the  operation  of  induction 
motors  are  fuse  troubles,  possibility  of 
running  single  phase,  installation  of 
compensators  or  safety  switches,  oiling 
and  cleaning,  bearing  trouble,  and  volt- 
age regulation.  If  a  concern  will  place 
one  man  in  charge  of  the  cleaning  and 
oiling  of  all  motors,  they  will  find  that 
their  shut-downs  will  be  eliminated,  and 
their  repair  costs  on  motor  accounts  will 
disappear.  At  the  Keith  plant  we  keep 
two  men  busy  the  entire  time  cleaning 
and  oiling  motors.  We  have  some  1500 
motors,  running  from  100  hp.  down, 
and  we  are  fortunate  in  being  able  to 
say  that  we  have  very  few  burnouts  and 
interruptions  in  service.  We  take  down 
motors  frequently,  refinish  the  windings 
with  insulating  varnish,  thoroughly  clean 
out  the  bearings,  renew  the  oil,  and  put 
the  motors  back  into  service.  Indus- 
trial concerns  who  do  not  have  this  type 
of   service  should    investigate   the  possi- 
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bilities,    as    it   will    pay    for    itself   in    a 
short  time. 

Individual  Versus  Group  Drive 

The  application  of  the  induction 
motor  has  an  important  influence  on  the 
power  bills  and  the  method  of  opera- 
tion. This  brings  up  the  much-dis- 
cussed problem  of  the  individual  motor 
versus  the  group  drive.  A  few  years 
ago  plant  engineers  throughout  the 
country  were  trying  to  install  a  motor 
on  every  machine  which  came  into  the 
factory.  This  has  proved  to  be  poor  en- 
gineering, and  there  is  just  as  much  of 
a  field  for  the  group  drive  as  there  is 
for  the  individual  motor. 

To  determine  intelligently  whether 
a  factory  should  be  equipped  with  in- 
dividual or  group  drives,  the  engineer 
should  first  make  a  thorough  analysis  of 
the  power  requirements  under  either 
system.  Accurate  estimates  should  be 
obtained  relating  to  the  expense  of 
shafting,  hangers,  pulleys,  belting,  and 
labor  for  installation,  as  against  the  ex- 
pense of  individual  motors,  wiring,  ap- 
plication of  these  motors  to  the  ma- 
chines, and  the  ultimate  cost  of  power 
for  the  operation  of  both  systems.  The 
purchase  of  spare  parts  for  a  great  va- 
riety of  motor  sizes  has  a  direct  bear- 
ing, which  might  influence  a  concern 
toward  the  group  drive,  where  a  few 
large  motors  are   in    operation. 

The  diversity  factor  should  be  given 
thorough  analysis  in  determining  the 
size  of  the  motor  when  laying  out  a 
group  drive.  It  is  good  practice  when 
placing  a  group  drive,  after  determin- 
ing the  total  capacity  of  all  machines 
on  a  line  shaft,  to  apply  a  ratio  of  at 
least  three  to  one  in  determining  the 
size  of  the  motor.  This,  of  course,  will 
be  influenced  somewhat  by  the  charac- 
ter of  the  machines  which  the  motor  is 
driving,  but  this  ratio  has  worked  out 
in  most  instances.  This  will  furnish  a 
motor  which  will  be  operating  at  full 
load,  resulting  in  high  efflciencv  and 
power  factor. 

The  flexibility  of  the  individual  mo- 


tor is  one  of  great  importance.  At  the 
Keith  plant  we  have  an  entire  shoe  fac- 
tory operating  without  a  single  group 
drive  in  the  building.  Another  factor 
which  is  not  often  appreciated  with  the 
individual  motor  is  the  breakage  of 
machine  parts.  We  find  that  motors 
operating  individual  machines  will  blow 
a  fuse  when  the  machine  becomes 
jam.med.  If  ihese  machines  had  been  on 
a  group  drive  the  large  motor  would 
have  pulled  the  machine  over  and  dam- 
aged some  of  the  machine  parts.  •  On 
the  other  hand,  larger  motors  of  the 
group  drive  furnish  less  maintenance 
trouble,  have  larger  bearings,  operate  at 
lower  speed,  and  if  working  under  full 
load  will  operate  at  higher  efficiency 
and  power  factor. 

Power  Factor 

Power  factor  today  is  attracting  the 
interest  of  the  operating  men  through- 
out the  country.  It  is  being  considered 
by  the  central  station  executives  because 
of  the  influence  it  has  on  the  capacity 
of  their  plant.  Power  factor  increases 
the  line  losses,  necessitates  the  holding 
in  reserve  of  additional  capacity,  and 
consequently  keeps  the  power  rate  up 
for  every  power  user.  If  all  industries 
could  be  running  at  80  to  85  per  cent 
power  factor,  it  would  result  in  lower 
power  costs. 

The  same  problem  aff"ects  the  indi- 
vidual plant.  We  find  that  plants  are 
running  with  power  factors  as  low  as 
60  per  cent.  This  is  particularly  true 
in  some  industries  at  the  present  time 
where  the  factories  are  running  at  low 
capacity  and  the  motors  are  under- 
loaded. Owners  are  operating  more 
generators  and  boilers  than  are  neces- 
sary, when  the  power  factor  is  low. 
Increased  transmission  losses,  poor  volt- 
age regulation,  increased  expense  of 
transformers,  wiring  and  switch  equip- 
ment are  all  related  to  power-factor 
conditions. 

We  find  that  the  power  factor  in  dif- 
ferent industries  varies  considerably: 
shoe  factories,  60  to  65   per  cent;  rub- 
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ber  mills  and  textiles,  75  to  80  per 
cent,  and  wood-working  plants  70  to  75 
per  cent. 

There  are  several  ways  of  improving 
conditions.  One  of  the  cheapest,  yet 
most  effective,  is  an  endeavor  to  bring 
all  motors  up  to  full  load.  This  can 
readily  be  done  in  most  plants  by  re- 
arranging motors  already  in  service. 
When  it  is  feasible  to  install  a  synchro- 
nous motor,  a  steady  improvement  can  be 
realized.  Synchronous  motors  are  bet- 
ter adapted  for  steady  loads  such  as  air 
compressors,  exhaust  fans,  pumps  or 
similar  equipment,  where  continuous 
operation  can  be  obtained.  Static  con- 
densers can  be  utilized  to  good  advan- 
tage by  floating  them  on  the  line,  with 
a  resulting  appreciable  increase  in  the 
power-factor   percentage. 

Illumination 

Light,  as  well  as  power,  is  one  of  the 
problems  of  the  operating  man  today. 
Efficient  illumination  is  directly  related 
to  production  costs.  Many  plants  have 
been  able  to  increase  their  production 
from  10  to  15  and  even  25  per  cent 
through  proper  illumination  of  the  ma- 
chines. Correct  lighting  has  a  direct  in- 
fluence on  accident  prevention,  and 
those  concerns  which  have  made  an  in- 
tense drive  in  reducing  accidents  find 
that  very  satisfactory  results  can  be  ob- 
tained through  proper  illumination. 
General  illumination  is  finding  a  recep- 
tion in  factories  today.  The  elimination 
of  drop  cords  and  individual  lights  is 
recommended  in  many  industries.  The 
elimination  of  shadows,  a  flooding  of 
light  on  the  work  at  constant  intensity, 
is  furnishing  better  working-conditions 
than    the    individual    lamp. 

Electric  heat  is  fast  finding  its  way 
into  factories,  replacing  steam.  This 
has  come  about  through  the  possibili- 
ties of  automatic  temperature  control 
and  constant  regulation,  which  is  not 
apparent  with  steam.  Higher  tempera- 
tures can  be  obtained  by  the  application 
of  electric  heat  than  could  be  realized 
even  with   superheated   steam. 


Distribution  of  Steam 

The  distribution  of  steam  from  a 
boiler  plant,  for  heating  and  process 
work,  should  be  designed  with  the  same 
care  and  engineering  skill  that  is  em- 
ployed in  electrical  transmission,  be- 
cause the  losses  through  inefficient  in- 
stallation and  use  of  materials  may  be 
enormous.  A  series  of  tunnels  from  the 
power  house  to  the  factory  provides  the 
most  permanent  equipment  for  distri- 
bution. Tunnels  should  be  of  sufficient 
size  to  house  all  of  the  pipes,  cables, 
and  wires,  and  still  leave  sufficient  room 
for  the  workmen  to  make  the  necessary 
repairs. 

All  main  feeders  for  steam  to  build- 
ings, either  for  high  pressure  or  heating, 
should  be  equipped  with  steam  meters, 
so  that  the  cost  of  the  steam  delivered 
to  any  particular  building  can  be  de- 
termined. Accurate  figures  can  then 
be  made,  charging  against  each  building 
the  amount  of  steam  delivered.  Split- 
tile  conduit,  when  properly  installed, 
furnishes  an  efficient  method  for  steam 
distribution,  provided  the  piping  is 
thoroughly  insulated.  Some  concerns 
erect  steam  piping  on  poles  and  trans- 
mit steam  manv  hundreds  of  feet  with 
a  loss  of  not  over  10  per  cent,  The 
piping,  under  these  conditions,  must  be 
insulated  against  zero  temperature. 

Too  little  stress  is  paid  today,  in 
some  industries,  to  the  value  of  pipe 
covering.  Each  pipe,  regardless  of  the 
temperature  or  the  pressure  of  steam 
delivered,  should  be  insulated.  The 
loss  incurred  through  inefficient  pipe 
covering  is  tremendous  throughout  the 
country.  Every  heat  unit  that  can  be 
saved  through  efficient  pipe  covering  is 
reflected  in  a  material  saving  back  at 
the  coal  pile. 

The  mechanical  difficulties  of  steam 
traps  are  well  known  to  most  mainte- 
nance men,  but  there  are-  certain  prin- 
ciples which  must  be  involved  in  the 
reclamation  of  condensation.  Many 
plants  today  sre  throwing  away  their 
high-pressure  drips  and  returns  from 
heating  systems  because  they  feel  it  does 
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not  pay  to  return  this  water  to  the 
boilers.  This  is  one  of  the  greatest 
sources  of  industrial  waste.  Every 
plant  should  save  this  condensate  be- 
cause of  its  heat  value. 

The  cost  of  industrial  steam  will 
vary  with  the  type  of  plant  involved, 
but  here  in  New  England  steam  can  be 
produced  at  prices  from  fifty  cents  to 
one  dollar  per  thousand  pounds  includ- 
ing overhead  charges.  These  prices  are 
dependent  upon  the  price  of  coal, 
methods  of  distribution,  and  type  of 
boilers. 

Conclusions 

In  drawing  conclusions,  I  would  like 
to  bring  out  two  or  three  of  the 
outstanding  facts: — That  steam  power 
can  be  produced  in  New  England  in 
competition   with    central    stations,    pro- 


vided there  is  a  balanced  load  between 
the  power  and  steam  requirements;  and 
that  plant  engineers  and  operating  men 
can  make  large  savings  through  intelli- 
gent utilization  of  induction  motors,  the 
application  of  the  individual  or  the  group 
drive,  and  a  thorough  understanding  of 
the  problems  of  power-factor  correction. 
The  utilization  and  distribution  of 
steam  presents  one  of  the  most  serious 
economic  problems  because  of  the  enor- 
mous wastes  which  are  now  being  made 
by  the  industries.  The  importance  of 
the  plant  engineer  is  increasing  each 
year  through  the  appreciation  of  power 
problems.  If  owners  will  co-operate 
with  their  engineering  departments,  and 
furnish  them  with  the  necessary  ma- 
chinery and  apparatus,  many  economies 
can  be  made  which  will  reflect  them- 
selves   in    lower   production-costs. 


DISCUSSION 


Dr.  Samuel  W.  Stratton*:  Mr. 
Hamilton  has  not  drawn  too  dark  a  pic- 
ture, as  this  condition  certainly  exists  in 
all  parts  of  the  country,  especially  in  the 
small  units  of  industry. 

As  I  have  had  the  privilege  of  listen- 
ing this  afternoon,  it  has  recalled  the 
time  when  scientific  men  began  to  meet 
together  for  co-operation  in  scientific 
work.  It  has  long  been  the  custom  for 
men  working  in  any  particular  field  of 
science  to  get  together,  compare  notes, 
and  exchange  ideas.  Then  followed  the 
engineer,  with  the  organization  of  the 
great  engineering  societies.  Quite  re- 
cently, within  very  recent  years,  industry 
has  adopted  the  same  practice.  The  vari- 
ous units  of  an  industrv  have  learned  that 


they  can  best  solve  many  problems  by 
working  together,  not  as  competitors,  but 
by  team  work,  and  if  this  plan  is  kept 
up,  the  pooling  of  their  interest  in  the 
solution  of  technical  problems,  it  speaks 
more  for  the  future  progress  of  Ameri- 
can industry  than  any  other  one  thing. 
1  have  never  seen  a  better  example  of  it 
than  this  afternoon.  We  have  had  given 
here  the  statistics  and  data  that  are  of 
interest  to  the  engineer,  the  operator,  and 
even  the  owner  of  the  mill  alike.  These 
men  are  getting  together  more  than  ever 
before.  The  operators  and  owners  are 
taking  a  great  interest  in  these  engineer- 
ing and  technical  questions,  and  I  have 
no  doubt  that  many  of  them  had  their 
representatives  here  this  afternoon. 


•President,    Massachusetts  Institute   of  Teclinology,   Cambridge,   Mass. 
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Advantages  and  Disadvantages  of  High  Steam 
Pressure  in  Industrial  Plants 


By  Joseph  Pope 

Stone  &  Webster,  Inc.,  Boston,  Mass. 


For  the  purpose  of  this  discussion  a 
high  steam  pressure  will  be  considered 
to  be  any  pressure  in  excess  of  200  lb. 
per  sq.  in.  Although  there  are  some 
exceptions,  that  is  the  maximum  pres- 
sure commonly  employed  in  present-day 
industrial  practice. 

An  industrial  plant  will  be  defined  as 
a  steam  plant  which  supplies  both  power 
and  steam  to  a  manufacturing  process. 
A  plant  which  generates  power  only  is 
in  the  same  class  as  the  central  station 
power  plant.  The  same  arguments  for 
and  against  the  adoption  of  a  high  steam 
pressure  apply  in  both  cases  and  are  out- 
side the  scope  of  this  paper. 

Kinds  of  Industry 
Even  with  the  above  limitation  there 
still  remain  a  great  variety  of  industries 
requiring  a  supply  of  process  steam  and 
either  mechanical  or  electrical  power. 
Among  them  might  be  mentioned  oil 
refineries,  sugar  refineries,  woolen  mills, 
rubber  works,  bleach  and  dye  houses, 
finishing  mills,  chocolate  and  candy 
manufacturers,  soap  works,  chemical 
works,  paper  mills,  roofing  plants,  salt 
mines,  sulphur  mines  —  to  continue 
would  be  almost  like  calling  the  roll  of 
industry. 

Few,  indeed,  in  all  the  long  list  are 
so  fortunate  as  to  have  their  need  for 
power  and  for  steam  correspond  so 
exactly  in  quantity  and  time  that  the 
whole  of  one  may  be  generated  in  sup- 
plying the  other.  The  remaining  in- 
dustries fall  into  one,  or  possibly,  at 
different  times,  into  both,  of  two  classes: 
Those  with  demands  for  steam  in  excess 


of  their  power  needs,  and  those  which 
need  more  power  than  can  usually  be 
generated  with  the  amount  of  steam  that 
is  sufficient  for  process  purposes. 

This  latter  class  has  a  particular  in- 
terest in  the  possibilities  of  high  pres- 
sure, for  if  through  it  they  can  obtain 
more  power  from  the  same  quantity  of 
steam,  it  may  be  the  most  economical 
way  for  them  to  get  it.  As  competitive 
alternatives  there  are  to  be  considered, 
however,  the  central  station,  a  local  low- 
pressure  condensing  plant,  and  the  oil 
engine. 

It  makes  a  great  deal  of  difference 
whether  the  project  being  considered 
is  an  entirely  new  one  or  whether  it  is 
a  going  concern  with  appreciable  in- 
vestment in  existing  apparatus  with  con- 
siderable life  expectancy.  It  also  makes 
a  great  difference  how  fast  the  concern 
is  growing  as  affecting  what  it  may  be 
willing  to  scrap,  the  kind  of  industry  it 
is,  its  general  economic  and  financial 
policy,  the  kind  of  load  factor  it  oper- 
ates on,  both  daily  and  seasonal,  the 
pressure  at  which  process  steam  is  re- 
quired, how  the  process  steam  is  used, 
where  it  is  used  in  relation  to  the 
power-generating  plant,  the  kind  and 
cost  of  fuel,  and  the  class  of  labor 
available.  In  other  words,  it  all  de- 
pends on  circumstances.  Every  plant  is 
a  separate  problem,  requiring  careful 
and  complete  individual  study  before 
the  right  solution  may  be  reached. 

The  process  heating  requirement  of 
most  industries  is  satisfied  by  the  use  of 
relatively  low-pressure  steam,  1 5  lb. 
gauge    or    less    usually    sufficing.      Some 


so 


INDUSTRIAL  FUEL  AND  POWER 


require  about  80  lb.  gauge,  and  a  rela- 
tively few  find  as  much  as  135  lb.  neces- 
sary, but  this  latter  pressure  seems  to  be 
about  the  present  upper  limit.  It  is,  of 
course,  possible  that  technical  develop- 
ment in  the  industries  may  call  for  even 
higher  temperatures  than  are  obtainable 
with  135  lb.  steam,  but  there  are  a  num- 
ber of  other  methods  of  heating  which 
are  especially  competitive  at  the  higher 
temperatures,  such  as  electricity,  gas,  and 
direct-heated  oil.  It  might  be  said  in 
passing  that  there  are  probably  more  op- 


properties  which  it  is  desired  to  in- 
vestigate. 

Figure  1  shows  the  temperature  and 
total  heat  as  given  in  the  tables  over 
the  entire  range  of  absolute  pressure 
from  zero  to  the  critical  3200  lb.  per 
sq.  in.  One  pair  of  curves  is  for  satu- 
rated steam,  the  other  for  steam  super- 
heated to  700°  F. 

It  will  be  observed  how  rapidly  the 
temperature  of  saturated  steam  in- 
creases with  pressure  in  the  lower 
range,  but  how  slowly  it  does  so  in  the 


Fig.    1 


portunities  for  advantageously  reducing 
the  steam  pressures  employed  in  exist- 
ing processes  than  there  will  be  calls 
for  raising  pressures  to  meet  new  con- 
ditions. 

Theoretical  Considerations 
It  will  be  interesting  to  examine  the 
steam  tables  to  see  what  higher  pres- 
sures mean  in  the  way  of  temperature 
and  heat  availability.  As  more  vivid 
mental  pictures  are  conveyed  by  curves 
than  by  tables  of  figures,  several  sets  of 
curves  have  been   prepared  to  show  the 


upper  range.  At  140  lb.  per  sq.  in., 
the  temperature  of  saturated  steam  is 
one-half  as  great,  by  the  Fahrenheit 
scale,  as  it  is  at  3200  lb.  Up  to  400  lb., 
only  one-eighth  of  the  total  possible 
pressure  change,  more  than  six-tenths  of 
the  temperature  change  has  occurred.  At 
about  this  same  pressure  of  400  lb., 
saturated  steam  contains  its  maximum 
total  heat.  The  temperature  of  steam 
superheated  to  700  is,  of  course,  con- 
stant, but  its  total  heat  continuously 
diminishes  from  the  lowest  pressure  of 
present     interest     until     the     superheat 
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finally  reaches  zero  at  307  5  lbs.  pres- 
sure. It  must  be  confessed  that  some 
liberties  have  been  taken  with  the  steam 
tables  in  constructing  this  latter  curve, 
as  none  that  were  examined  gave  the 
total  heat  of  superheated  steam  for  pres- 
sures higher  than  800  lbs. 

Figure  2  is  a  skeleton  Mollier  or  to- 
tal heat-total  entropy  diagram.  Lines 
of  constant  absolute  pressure   are  given 


Fig.   2 

for  1200  lb.,  800  lb.,  400  lb.,  150  lb., 
atmospheric,  and  2"  Hg.,  and  constant 
condition  lines  for  10  per  cent  moisture, 
saturation,  and  700°  and  800°  total 
temperature.  The  800°  curve  is  in- 
cluded because  no  one  will  seriously 
question  that  it  is  the  present  upper 
limit  of  temperature,  and  the  pressure 
lines  are  stopped  at  1200  lbs.  because 
few  will  be  interested  now  to  venture 
to  anything  higher. 

It  appears  probable  that  if  high-pres- 
sure steam  is  used  in  an  industrial  plant 
it  will  be  for  the  most  part  on  a  simple 
Rankine  cycle,  and  there  will  be  rela- 
tively little  regenerative  heating  of  the 
boiler    feed  or  reheating  of  the   steam. 


If  a  turbine  is  used  that  exhausts  at  at- 
mosphere or  above,  the  feed  will  doubt- 
less be  heated  by  the  main  or  auxiliary 
exhaust  steam,  and  little  is  to  be  gained 
by  higher-stage  extraction  for  further 
heating.  This  is  particularly  true,  as 
the  exhaust  will  be  wanted  as  dry  as 
possible  for  process  purposes,  requiring 
the  presence  of  superheat  in  the  turbine 
from  throttle  to  exhaust.  If  further  use 
is  to  be  made  of  the  steam  for  power 
purposes  before  all  or  part  of  it  goes  to 
process,  there  may  be  extraction  heating 
of  feed  or  reheating  in  the  lower  pres- 
sure ranges.  This  does  not,  however, 
affect  the  problem  under  consideration 
here.  We  may,  therefore,  read  direct- 
ly from  the  Mollier  Diagram  of  Fig.  2 
the  heat  available  through  the  adiabatic 
expansion  of  the  Rankine  cycle. 

Figure  3  gives  three  pairs  of  curves 
of  available  heat  for  varying  initial 
steam  pressure  expanding  to  three  dif- 
ferent exhaust  pressures,  150  lb.  abso- 
lute, atmosphere,  and  28"  vacuum.  The 
lower  of  each  pair  of  curves  is  for 
steam  of  700°  F.  initial  temperature, 
and  the  upper  curve  is  for  800  F. 
temperature. 

It  will  be  noted  that  when  the  back 
pressure  is  low,  a  very  great  part  of  the 
heat  available  by  expansion  from  the 
highest  practical  pressure,  which  for 
now  we  will  call  1200  lb.  per  sq.  in., 
becomes  available  at  some  much  more 
moderate  initial  pressure.  For  instance, 
there  is  a  heat  drop  of  345  B.t.u.  from 
1200  lb.  and  700°  to  atmosphere.  From 
200  lb.  and  700°  to  atmosphere  the 
heat  drop  is  245  B.t.u.,  or  71  per  cent 
as  much.  Similarly,  from  1200  lb.  and 
200  lb.  to  28"  vacuum,  the  heat  drops 
are  respectively  484  B.t.u.  and  412 
B.t.u.,  the  second  drop  being  85  per 
cent  of  the  first. 

However,  with  a  high  back  pressure, 
say  150  lbs.,  the  available  heat  from  the 
1200  lb.,  700°  initial  condition  is 
190  B.t.u.,  and  from  200  lb.,  700° 
it  is  40  B.t.u.,  or  only  21  per  cent  as 
much.  This  somewhat  involved  analy- 
sis   is    hardly    necessary    to    prove    that 
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plants  which  require  high  back  pressure 
have  the  most  gain  from  high  initial 
pressure.  It  does  give  a  clearer  idea, 
however,  of  the  relative  gains  from  high 
pressure  under  the  several  conditions 
discussed. 

No  attempt  has  been  made  in  the 
foregoing  to  apply  efficiency  factors  to 
the  available  heat  drops  in  order  to  de- 
termine the  actual  heat  consumption  and 
the     true     final     condition.       That,     of 


ficiencies  may  be  drawn  and  a  cross 
curve  put  on  them  indicative  of  the  dif- 
ferent efficiencies  expected  with  the 
various  throttle  conditions.  The  gen- 
eral shape  of  such  a  cross  curve  would 
be  convex  upward  and  to  the  right. 

In  the  matter  of  turbine  efficiency  as 
affected  by  high  pressure,  it  is  interest- 
ing to  note  that  the  effect  on  non-con- 
densing machines  is  less  serious  than  on 
condensing    units    with    the    same    inlet 


Fig.    3 


course,  should  be  done  when  a  specific 
problem  is  at  hand,  but  the  general  con- 
clusions which  have  been  drawn  would 
not  be  altered  by  such  procedure.  When 
dry  exhaust  steam  at  a  given  pressure  is 
required,  it  will  be  necessary  to  work 
backwards  with  an  assumed  probable  ef- 
ficiency factor  to  determine  the  initial 
pressures  and  temperatures  necessary  to 
produce  it.  The  line  "A"  on  the  Mol- 
lier  Diagram  is  the  locus  of  the  Initial 
pressure  and  temperature  conditions 
which  will  result  in  a  dry  exhaust  at 
atmospheric  pressure  with  a  constant 
turbine  efficiency  of  70  per  cent.  Sev- 
eral such  curves  for  various  constant  ef- 


conditlons.  In  other  words,  industrial 
plants  are  likely  to  fare  better  in  this 
one  respect  from  high  pressure  than 
central  stations,  although  there  are 
means  of  overcoming  the  difference 
which  the  central  station  may  employ. 
An  Increase  in  pressure  Increases  the 
frlctional  losses  in  a  turbine  stage  and 
consequently,  reduces  the  efficiency. 
This  disc  friction  is  proportional  to  the 
fifth  power  of  the  diameter  and  direct- 
ly proportional  to  the  density  of  the 
steam  in  which  it  revolves.  There  are 
also  leakage  losses  over  blade  tips  or 
through  diaphragm  packing  that  in- 
crease with  pressure.      Higher  pressures 
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occur  only  in  the  earlier  stages  of  a 
turbine,  and  the  above  increases  in  stage 
losses  are  therefore  confined  to  those 
stages. 

The  low-pressure  stages,  however,  are 
subject  to  another  form  of  inefficiency 
due  to  the  presence  of  moisture  in  the 
steam.  If  it  be  admitted  that  some  giv- 
en initial  temperature  is  the  maximum 
permissible,  it  follows  that  with  increas- 
ing pressure  the  allowable  superheat  is 
reduced.  Under  these  conditions  mois- 
ture forms  in  the  turbine  at  an  earlier 
stage  with  high  pressure  than  with  low, 
and  the  efficiency  is  adversely  affected  by 
the  presence  of  more  moisture  in  more 
stages.  A  condensing  unit  is  therefore 
subjected  to  both  forms  of  additional 
loss  consequent  upon  the  use  of  high 
steam  pressure.  Reheating  has  been 
adopted  as  a  means  of  overcoming  the 
effect  of  moisture  in  the  low-pressure 
zones,  but  it  adds  considerable  expense 
and  operating  complication,  warranted 
only  under  favorable  conditions.  Non- 
condensing,  or  at  least  high  back  pres- 
sure units,  such  as  are  particularly 
adapted  to  industrial  conditions,  may 
avoid  the  moisture  loss,  provided  they 
use   superheated   steam. 

Practical  Considerations 
The  use  of  higher  steam  pressures 
involves  the  use  of  more  heavily  built 
boilers,  heavier  steam  and  feed  water 
piping  and  valves,  different  kinds  of 
joints,  and  heavier  and  more  powerful 
feed  pumps.  It  is  true  that  in  some 
cases  this  apparatus  may  be  of  less  ca- 
pacity than  if  lower  pressures  were  used, 
and  thus  partially  compensate  for  the 
additional  cost  of  the  more  rugged 
equipment.  However,  in  the  industrial 
plant  the  need  is  usually  for  a  given 
quantity  of  steam  for  process  work,  and 
advantage  of  the  lower  water  rate  of  the 
high-pressure  prime  mover  is  taken,  not 
to  reduce  the  boiler  sizes  but  rather  to 
increase  the  turbine  size.  The  industrial 
plant,  therefore,  must  stand  the  full 
cost  of  the  more  expensive  high-pres- 
sure equipment. 


Boilers  are  not  now  built  commercial- 
ly for  pressures  greater  than  600  lb. 
There  is  one  1200  lb.  boiler  in  the  Ed- 
gar Power  Station  at  Weymouth.  There 
is  another  in  the  plant  of  the  Con- 
solidated Safety  Valve  Company  in 
Bridgeport.  Others  are  under  con- 
sideration, but  it  cannot  be  said  that  the 
construction  of  boilers  for  that  pressure 
or  for  higher  pressures  is  as  yet  on  a 
production  basis.  There  are  about  forty 
boilers  in  service  designed  for  600  lb. 
and  a  relatively  large  number  built  for 
400   lb. 

Boiler  prices  plotted  against  working 
pressure  do  not  make  a  smooth  curve  for 
the  reason  that  it  is,  as  a  practical  matter, 
impossible  to  build  a  boiler  equally 
strong  in  all  its  parts,  like  the  "one  hoss 
shay,"  and  just  exactly  suited  for  the 
designed  pressure.  The  same  weight  of 
tubes  and  class  of  fittings  serve  for  a 
considerable  range  of  pressure,  and  the 
change  is  in  wide  steps  rather  than  in 
narrow  ones.  The  following  table 
gives  the  comparative  costs  of  three 
different  types  and  makes  of  boilers  of 
about  1000  hp.  rated  capacity.  The 
costs  are  given  in  percentages,  the  cost 
of  a  200  lb.  boiler  being  taken  at  100 
per  cent  in  all  cases.  The  fact  that 
boiler  "B"  outstrips  the  other  two  in 
percentage  price  increase  with  pressure 
is  not  due  to  the  fact  that  it  actually 
costs  more,  but  because  in  the  lower 
pressures  it  costs  less. 

The  same  table  shows  the  way  typical 
valves  and  fittings  and  motor-driven 
centrifugal  boiler  feed  pumps  vary  in 
price  with  working  pressure.  There  is 
no  thought  that  the  items  selected  cover 
the  entire  range  of  size  or  type,  but  they 
are,  at  least,  representative. 

A  reasonable  deduction  from  this  ta- 
ble is  that  equipment  affected  by  the 
steam  pressure  costs  today  about  40  per 
cent  more  for  400  lb.  working  pressure 
than  for  200  lb.  There  are;  of  course, 
many  other  items  that  enter  into  a  com- 
plete steam  plant  upon  which  the  steam 
pressure  has  no  direct  effect.  There 
will    be,    however,    a    tendencv    toward 
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Relative  Cost  of  Equipment  for  Various  Steam  Pressures 
Water  Tube  Boilers 


Working  Pressure 

Per  Cent  Price 

Lbs.  per  sq. 

in. 

Boiler  A 

Boiler  B 

Boiler  C 

200 

100 

100 

100 

250 

105 

110 

— 

300 

123 

124 

— 

350 

128 

— 

— 

400 

138 

164 

136 

+50 

146 

— 

— 

Valves  and  Fittings,  Cast  Steel 


Per  Cent 

Price 

Type 

Working 

10" 

10" 

10" 

Standard 

Joint 

Pressure 

Gate  Valve 

Tee 

Flange 

American 

Gasket 

250   lb. 

100 

100 

100 

li 

Sargol 

400   lb. 

132 

198 

165 

« 

u 

600   lb. 

222 

224 

230 

Centrifugal  Boiler  Feed  Pumps 

Discharge 

Per  Cent 

Size 

Stages 

Pressure 

Horsepower 

Price 

5" 

3 

200   lb. 

75 

100 

5" 

4 

250  lb.-300  lb. 

100 

120 

5" 

5 

300   lb.-400   lb. 

150 

142 

greater  elaboration  and  the  purchase  of 
equipment  of  a  higher  grade  than  would 
otherwise  satisfy  in  an  attempt  to  get 
the  maximum  thermal  efficiency  for  the 
high-pressure  plant. 

Whether  the  greater  power  to  be 
obtained  from  the  more  expensive 
equipment  will  justify  the  added  ex- 
pense depends,  as  has  already  been  in- 
dicated, on  many  things.  First,  what 
sort  of  a  return  does  the  industry  or- 
dinarily expect  on  its  money — is  it  10, 
15,  or  20  per  cent,  or  is  it  more  nearly 
100  per  cent?  Second,  how  does  the  in- 
dustry operate — does  it  run  one  8-hour 
shift  daily,  a  10-hour  shift,  or  two 
shifts,  or  is  it  a  continuously  operating 
process?  Is  it  subject  to  seasonal  varia- 
tion or  frequent  slackening  of  output? 
In  other  words,  what  is  the  load  factor, 
how  much  can  the  higher-priced  equip- 
ment work  in  order  to  earn  its  keep? 

What  kind  of  labor  is  available?  Can 
it    be    depended    upon    to    operate    and 


maintain  the  higher  pressure  apparatus 
safely  and  economically?  If  suitable 
labor  can  be  employed,  will  it  have  to 
be  at  rates  higher  than  would  otherwise 
suffice? 

What  kind  of  fuel  must  be  used  and 
what  is  its  cost?  Is  it  scrap  or  waste  to 
be  had  for  the  cost  of  handling,  or  is 
it  expensive  coal  carrying  a  heavy 
freight  rate? 

What  kind  of  water  is  available  for 
boiler  feed?  Many  industrial  plants — 
in  fact,  it  is  probably  true  that  most  in- 
dustrial plants — either  mix  their  process 
steam  directly  with  their  product,  or 
otherwise  contaminate  it,  or  lose  it  so 
that  the  drips  are  unavailable  for  return 
feed.  In  some  of  the  few  cases  where 
this  is  not  so,  the  drips  are  so  numerous, 
and  so  widely  scattered,  it  is  difficult 
and  expensive  to  collect  and  return 
them,  and  it  is  not  done. 

A  large  amount  of  new  water  is  there- 
fore   usually   required    for   boiler    feed. 
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and  particular  care  must  be  taken  to  see 
that  it  is  entirely  suitable  for  the  pur- 
pose. Scaling,  foaming,  and  priming 
are  much  more  to  be  guarded  against  at 
the  higher  pressures  than  the  low,  al- 
though they  are  serious  enough  at  all 
times.  It  may  be  that  the  use  of  a  high 
pressure  will  carry  with  it  the  need  for 
a  water  purification  process  or  an  evap- 
orator plant  of  considerable  size.  Evap- 
orators ordinarily  give  the  better  water. 
When  the  percentage  of  make-up  is 
small,  so  that  all  the  heat  in  the  evapo- 
rator vapor  can  be  conserved  in  the 
boiler  feed,  they  approach  100  per  cent 
in  thermal  efficiency,  but  when  the 
proportion  of  the  total  feed  that  must 
be  in  the  form  of  new  water  is  large, 
evaporators  are  very  expensive  to  install 
and  to  operate. 

Where  is  the  process  steam  to  be  used, 
after  it  is  exhausted,  or  extracted  from 
the  prime  mover?  Many  industries  now 
distribute  live  steam  at  boiler  pressure  to 
widely-scattered  buildings,  reducing  it 
locally  to  the  required  pressure.  This 
permits  the  use  of  smaller  steam  mains 
and  also  allows  considerable  pressure 
drop  in  the  piping  without  ill  conse- 
quence. If  the  steam  is  first  put 
through  a  pressure  reducing  prime  mov- 
er and  the  power  "skimmed  off,"  to 
borrow  an  expression,  there  will  be  a 
great  desire,  even  with  an  increased 
initial  pressure,  to  decrease  the  back 
pressure  as  much  as  possible.  If  this  is 
done,  consideration  will  have  to  be  giv- 
en to  the  size  of  the  distributing  mains, 
and  the  possible  need  of  enlarging  them. 

Examples  of  the  Use  of  High- 
Pressure  Steam 

It  is  impossible  to  generalize  very  far 
about  the  use  of  high-pressure  steam, 
for,  as  has  already  been  stated,  every 
application  is  a  problem  in  itself.  The 
widest  latitude  is  open  to  the  engineer 
to  employ  such  equipment  and  to  per- 
form such  operations  as  best  fit  the 
particular  case  in  hand.  Straight  ex- 
pansion turbines  can  be  bought  for 
almost    any    back    pressure     from     full 


vacuum  to  150  lb.  Even  higher  back 
pressure  machines  have  been  supplied  in 
special  cases.  Machines  can  also  be 
obtained  equipped  for  extraction  of 
steam  from  one  or  more  stages  in  which 
the  pressure  may  be  maintained  con- 
stant or  permitted  to  vary  with  the  load 
or  otherwise.  Steam  engines  are  not 
quite  so  adaptable  to  various  conditions, 
but  they  can,  of  course,  be  operated 
either  condensing  or  against  a  back  pres- 
sure, and  it  is  possible  to  extract  steam 
from  the  receiver  of  a  compound  en- 
gine, and  even  to  maintain  the  receiver 
pressure   practically  constant  the  while. 

In  what  follows,  several  illustrations 
are  given  of  the  use  of  high-pressure 
steam,  or  what  may  well  have  been  such 
use  except  for  intervening  circumstances. 

As  an  illustration  of  the  use  of  high- 
pressure  steam  in  a  pulp  and  board  mill, 
the  following  will  be  of  interest: 

The  present  supply  is  about  85,000 
lb.  per  hour  of  saturated  steam  at  150 
lb.  pressure.  It  is  used  to  operate  a 
500  kw.  and  a  750  kw.  condensing 
turbo-generator  for  electric  power  pur- 
poses, to  furnish  steam  to  the  digesters, 
and  to  supply  engines  driving  the  two 
machines.  The  new  plan,  devised  by 
the  engineer  of  the  paper  company,  calls 
for  the  installation  of  three  500  hp. 
boilers  built  for  425  lb.  pressure  and 
100  superheat,  which  are  to  supply 
steam  to  a  non-condensing  turbine  of 
15  00  kw.  capacity  exhausting  at  135  lb. 
with  some  residual  superheat  into  a 
header  supplying  the  paper  mill  and 
digesters  as  at  present.  Of  the  existing 
turbo-generators,  the  500  kw.  unit  is  to 
be  scrapped  and  the  750  kw.  machine 
rebuilt  and  moved  to  the  new  power 
station  with  a  new  unit  of  the  same 
capacity.  These  machines  will  take 
steam  at  135  lb.  from  the  exhaust  of 
the  high-pressure  unit  and  will  operate 
condensing.  Only  one  of  them  will 
normally  be  required  in  operation  at  a 
time,  but  the  two  will  be  available  in 
event  of  trouble  with  the  high-pressure 
machine,  when  steam  will  be  supplied 
through  a  reducing  valve. 
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On  account  of  the  Improvement  in 
over-all  plant  efficiency  it  is  expected 
that  the  total  steam  requirements  will 
be  about  20,000  lb.  per  hour  less  than 
at  present,  although  the  electrical  load 
will  be  increased  from  about  1200  lew. 
to  1600  kw.  through  further  electrifica- 
tion about  the  mill. 

It  is  understood  that  this  work  is 
now  being  undertaken.  Quite  a  hand- 
some reduction  in  operating  costs  is 
anticipated,  but  it  is  by  no  means  sure 
that  it  will  be  sufficient  to  cover  fixed 
charges  on  the  actual  cost  of  the  job. 

High  steam  pressure  is  being  used  by 
a  chemical  company  in  the  Middle  West 
in  an  isolated  pumping  plant.  A  brine, 
which  forms  the  basic  raw  material  of 
the  company's  various  processes,  is  ob- 
tained from  deep  wells  along  a  lengthy 
strip  of  country.  It  has  to  be  pumped 
through  pipe  lines  into  the  works,  in 
some  cases  as  much  as  twenty  miles. 
Heating  the  brine  reduces  its  viscosity 
and  makes  the  pumping  somewhat  easier. 
It  is  therefore  used  as  a  circulating  fluid 
in  the  main  condensers,  in  which  a  low 
vacuum  is  carried.  The  particular 
pumping  plant  in  question  is  isolated, 
coal  has  to  be  carried  to  it  by  motor 
truck,  and  the  load  factor  is  very  high, 
so  that  economy  of  operation  is  impera- 
tive. A  boiler  pressure  of  38  5  lb.  with 
superheat  has  been  selected  and  the 
prime  mover  is  a  1000  hp.  Nordberg 
uniflow  steam  engine,  exhausting  into 
a  surface  condenser.  The  condenser 
performs  the  triple  function  of  heating 
the  brine,  improving  econonn-  bv  virtue 
of  the  \acuum,  and  saving  the  conden- 
sate for  return  boiler  feed.  The  engine 
drives  a  generator  which  supplies  current 
to  individual  well  pumps  and  to  the 
pipe-line  pumps  installed  in  the  power- 
plant  building. 

This  same  company  has  a  great  deal 
of  evaporation  and  electrolytic  work 
requiring  low-pressure  steam  and  direct 
current  power.  The  present  boiler 
pressure  is  150  lb.  Saturated  steam  is 
supplied  to  engines  driving  generators, 
some    of    which    exhaust     into    vacuum 


pans,  and  others  into  condensers.  The 
plant  operation  is  continuous  and  the 
load  factor  very  high. 

The  company  is  now  installing  two 
800  hp.  water  tube  boilers,  for  38  5  lb, 
working  pressure,  equipped  with  super- 
heater and  underfeed  stokers.  Steam  at 
3  50  lb.  and  150°  superheat  is  supplied 
to  a  4000  kw.  De  Laval  turbine  of  in- 
teresting design,  which  exhausts  into  a 
28"  vacuum.  It  consists  of  three  sep- 
arate turbines  through  which  the  steam 
is  passed  in  series.  The  high-pressure 
unit  runs  at  10,000  r.p.m.  It  is  geared 
to  the  front  end  of  the  low-pressure 
unit  which  runs  at  3200  r.p.m.  and 
which  is  in  turn  geared  to  the  main 
shaft  operating  at  720  r.p.m.  The  in- 
termediate turbine  is  also  geared  direct- 
ly to  the  main  shaft  and  operates  at  a 
speed  of  4-500  r.p.m.  On  the  main 
shaft  are  connected  in  tandem  a  1000 
kw.  60  cycle  alternator  for  general  pow- 
er purposes,  and  two  1500  kw.  300  volt 
d.c.  generators  for  electrolytic  work.  At 
the  normal  working  load  the  pressures 
in  the  connecting  pipes  between  the 
high-pressure  element  and  the  interme- 
diate is  about  145  lb.  absolute,  and  be- 
tween the  intermediate  and  low-pressure 
elements  the  pressure  is  approximately 
1  6  lb.  absolute.  Steam  can  be  extracted 
at  these  points  for  other  power  and 
process  purposes. 

This  unit  will  be  a  very  efficient,  al- 
though doubtless  somewhat  expensive, 
machine.  Division  into  three  separate 
elements  geared  to  the  load  permits 
each  to  operate  at  the  most  economical 
steam  speed-blade  speed  ratio  and  allows 
the  friction  losses  inherent  in  the  high- 
pressure  steam  to  be  much  reduced 
through  small  disc  diameter. 

The  Westinghouse  Electric  &  Manu- 
facturing Company  have  installed  a 
steam  turbine  in  a  large  industrial  plant 
which  is  not  a  high-pressure  unit  but 
might  well  have  been  one.  The  reason 
why  it  is  not  is  that,  as  is  so  often  the 
case,  the  existing  lower  pressure  boiler 
plant  is  in  such  good  physical  condition 
that    it    could    not    be    abandoned    with 
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economy.  The  plant  in  question  requires 
a  large  quantity  of  hot  water,  and  the 
heating  is  done  in  three  stages,  first  by 
the  exhaust  and  then  by  higher-stage 
bleed.  A  constant  final  water  tempera- 
ture of  210°  F.  is  maintained  by  reg- 
ulating the  turbine-inlet  steam  pressure 
to  produce  a  constant  stage  pressure  in 
the  final  heater.  When  heating  173  5 
gallons  of  water  per  minute  from  115° 
to  210°,  the  machine  generates  about 
4600  kw.  at  a  thermal  efficiency  of  ap- 
proximately 95  per  cent. 

A  somewhat  similar  installation,  with, 
however,  interesting  differences,  is  being 
made  for  a  well-known  textile  finishing 
mill.  A  De  Laval  turbo  unit  exhausts 
into  the  10  lb.  main,  which  supplies 
steam  to  many  processes  in  the  mill. 
There  is  not  such  complete  coincidence 
between  power  and  steam  demand,  how- 
ever, that  wastage  of  some  10  lb.  steam 
could  ordinarily  be  avoided.  A  solution 
would  have  been  to  use  a  condensing 
unit  of  the  extraction  type,  but  that 
would  add  more  expense  than  the  sav- 
ing warranted.  In  addition  to  the  10 
lb.  steam,  the  mill  also  uses  considerable 
80  lb.  steam  supplied  directly  from  the 


boilers  through  reducing  valves.  This 
permitted  bleeding  the  turbine  from 
the  first  stage  into  the  80  lb.  line,  the 
extraction  opening  being  controlled 
from  the  exhaust  pressure,  so  that  if 
more  power  is  required  than  the  current 
demand  for  10  lb.  steam  will  develop, 
it  can  be  obtained  through  increasing 
the  extraction  to  the  80  lb.  line.  There 
is  some  question  as  to  whether  this  in- 
stallation could  be  operated  to  advan- 
tage at  a  higher  boiler  pressure.  It 
appears  that  there  is  a  very  good  balance 
between  power  needs  and  steam  needs 
now,  or  at  least  there  is  no  more  spread 
between  them  than  is  necessary  to  per- 
mit keeping  the  variations  of  one  with- 
in the  limits  of  the  other.  In  another 
situation,  however,  if  there  were  need 
for  a  greater  power  supply,  higher  steam 
pressure  would  be  a  means  toward  get- 
ting it. 

High  steam  pressure  appears  especially 
to  fit  the  requirements  of  wood  pulp 
mills.  They  need  large  quantities  of 
relatively  high-pressure  process  steam 
and  a  great  deal  of  cheap  electric  pow- 
er. The  necessity  of  cheap  power  to  a 
pulp  mill  has  usually  been  considered  to 


Fig.   4 — Drum    kor    High-Prksslre    Boiler 
Edison    Electric   Illuminating   Co.   of    Roston 
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mean  that  onlv  hydro  power  would  do. 
It  is  possible  for  them  to  install  steam 
boilers  for  high  pressure,  say  1200  lb., 
as  at  least  one  is  doing,  and  get  a  Icilo- 
watt-hour  for  about  30  lb.  of  steam, 
expanded  to  150  lb.  exhaust  pressure. 
This  is  not  a  thing  to  be  done  lightly, 
however.  Those  who  are  working  with 
steam  at  this  pressure  anticipate  no  trou- 
ble that  cannot  be  overcome,  but  they 
know  thoroughly  all  the  care,  all  the 
thought,  and  all  the  time  that  have 
been  expended  upon  the  design  and  con- 
struction of  the  entire  system.  Thev 
appreciate  thoroughly  the  high  order  of 
skill    that    is    required    to    operate    and 


per,  the  boiler  is  doubtless  of  the  kind 
that  would  be  employed  in  an  industrial 
use   for  the  same  pressure. 

An  application  of  high  steam  pres- 
sure under  pressure  conditions  similar 
to  those  existing  in  pulp  mills,  but 
where  the  other  conditions  may  be  more 
favorable,  is  the  addition  of  a  high- 
pressure  plant  on  top  of  an  existing  low- 
pressure  industrial  power  plant.  The 
exhaust  pressure  in  this  case  would  cor- 
respond to  the  present  boiler  pressure, 
presumably  from  150  to  200  lb.  The 
initial  pressure  might  be  anything  up  to 
1200  lb.,  depending  upon  how  much 
additional   power  is  required  now  or  in 


Fig.    5 — Drum   for    High-Pressure   Boiler 
Edison  Electric   Illuminating   Co.   of  Boston 


maintain  it.  They  understand  fully 
how  imperative  it  is  that  all  elements 
of  the  system  be  co-ordinated  into  one 
rightly-functioning  whole.  They  feel 
that  anyone  not  equipped  to  go  to  equal 
lengths  should  consider  carefully  before 
undertaking  similar  projects. 

There  already  has  been  considerable 
said  and  written  about  the  1200  lb.  in- 
stallation of  the  Boston  Edison  Com- 
pany, and  most  engineers  are  somewhat 
familiar  with  it.  Figures  4,  5,  and  6 
are  photographs  of  the  boiler,  shown 
here  as  a  matter  of  collateral  interest. 
Although  this  is  a  central-station  ap- 
plication of  high-pressure  steam,  and 
for  that  reason   excluded  from  this  pa- 


the  future,  although  use  of  the  extreme 
higher  pressure  should  be  undertaken 
with  great  caution.  An  advantage  of 
approaching  the  problem  from  this  an- 
gle is  that  the  high-pressure  boilers 
need  not  furnish  all  the  steam.  This 
makes  for  better  conservation  of  re- 
sources at  both  ends,  for  the  expensive 
high-pressure  equipment  can  be  made  to 
work  under  the  highest  load-factor  per- 
missible under  the  plant-operating 
schedule,  and  the  low-pressure  plant 
need  not  be  entirely  scrapped. 

Several  rubber  works  have  installed 
high  back  pressure  turbo-generators  op- 
erating with  total  pressure  drops  through 
them  of  about    100   lb.     These  would 
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develop  more  power  on  the  same  steam 
flow  if  higher  initial  pressures  were  em- 
ployed, and  in  planning  new  power 
plants  for  the  industry  the  use  of  high- 
pressure  steam  certainly  ought  to  be  in- 
vestigated. 

The  Sale  of  Power 
The  question  might  be  asked  why  in- 
dustries which  require  a  great  deal  of 
steam  and  relatively  little  power  should 
not  install  high-pressure  boilers  and 
pressure-reducing  prime  movers  for  the 


this  surplus  power  to  the  utility?  Ob- 
viously the  utility  can  afford  to  pay  not 
more  than  its  own  increment  cost  of 
generation.  It  has  no  use  for  power 
other  than  to  sell  it  again.  If  it  is  al- 
ready generating  millions  of  kilowatt- 
hours,  it  can  generate  thousands  more  at 
very  low  additional  cost,  usually  for  a 
fuel  cost  only,  and  that  somewhat  lower 
than  the  average  fuel  cost.  Utilities  are 
constantly  striving  to  improve  their  load- 
factor  so  that  the  average  cost  of  gen- 
eration,   transmission,    and    distribution 


Fig.    6 — Steam    Drum    for    High-Pressure    Boiler 
Edgar   Power   Station — Edison    Electric    Ilium.    Co.    of   Boston 


generation  of  as  much  power  as  possible, 
the  surplus  over  their  own  needs  to  be 
sold  to  the  public  utility. 

A  counter  question  of  equal  propriety 
is:  Why  do  they  not  generate  power  at 
the  present  pressures  and  sell  it  now  to 
the  central-station   company. 

This  is  undoubtedly  the  Utopia  of 
conservation,  but  there  are  many  real  ob- 
stacles to  be  overcome  before  it  can  be 
reached.  In  the  first  place  there  is  the 
matter  of  selling  price.  For  how  much, 
or  perhaps  a  better  way  to  say  it  would 
be  for  how  little,  will  the  industry  sell 


may  be  cut  down.  If  they  buy  surplus 
power  from  a  continuous-process  indus- 
try, the  load  factor  of  their  own  gen- 
erating stations  is  reduced,  and  their 
own  unit  cost  of  manufacture  is  in- 
creased. This  cuts  further  the  amount 
they  can  afford  to  pay  for  the  surplus 
industrial  power. 

Unless  the  industry  can  put  in  enough 
extra  capacity  to  relay  against  "out- 
ages," and  unless  it  can  undertake  to 
operate  continuously  regardless  of  any 
slumps  in  its  own  business,  the  power 
it  has  for  sale  is  not  prime  power,  and 
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the  utility  must  be  prepared  with  ade- 
quate stand-by  equipment  to  furnish  it 
when  necessity  demands. 

In  regard  to  the  actual  delivery  of 
the  power  to  the  utility,  it  cannot  ordi- 
narily be  pumped  backward  through  a 
feeder  such  as  might  supply  the  indus- 
try if  it  were  a  customer  instead  of  be- 
ing a  seller.  The  utility  must  have 
complete  control  of  its  own  distribution 
net  work.  It  cannot  have  a  number  of 
smaller  isolated  plants  feeding  in  in- 
dependently at  various  points,  otherwise 
feeders  that  were  supposed  to  be  dead 
might  be  energized  unexpectedly  with 
serious  consequences.  Nothing  but  a 
separate  feeder  running  directly  to  a 
substation  or  main-generating  station 
could  be  acceptable.  Such  a  feeder, 
with  its  transformers,  switch  gear,  and 
metering  equipment,  is  very  expensive, 
and  its  cost  must  be  borne  by  the  utility 
on  an  already  small  financial  margin, 
the  difference  between  its  own  generat- 
ing cost  and  the  cost  to  it  of  the  in- 
dependently-produced power. 

To  look  for  a  moment  at  the  indus- 
try's side  of  the  picture;  what  is  the  pro- 
duction cost  of  its  surplus  power?  It  in- 
cludes, of  course,  fixed  charges  and 
maintenance  expense  on  the  extra  equip- 
ment and  on  the  excess  cost  of  any 
more-expensive  equipment  necessary  to 
produce  it.  It  includes  the  cost  of 
additional  supervision,  operating  labor 
and  supplies,  such  as  it  may  be.  It  in- 
cludes also  a  portion  of  the  fuel  cost. 
Whenever  the  production  of  process 
steam  and  of  power  is  carried  on  to- 
gether,   the    division    of    fuel    cost    be- 


tween them  can  usually  be  on  an  ar- 
bitrary basis  only.  Either  the  power 
or  the  steam  may  bear  the  whole  cost, 
and  the  other  be  considered  as  having 
been  obtained  for  nothing,  or  an  at- 
tempt may  be  made  to  charge  the  power 
only  with  the  proportion  of  the  heat 
units  abstracted  in  its  generation,  with, 
of  course,  its  share  of  auxiliary  power 
costs.  If  some  of  the  steam  is  exhaust 
steam,  some  bled  steam  at  higher 
pressure,  and  some  actual  live  steam,  the 
situation  is  extremely  complicated,  and 
the  difficulty  of  dividing  the  cost,  very 
great. 

It  is  obvious  that  the  margin  between 
the  cost  of  producing  the  "dump"  pow- 
er, provided  it  can  be  determined,  and 
the  price  that  the  utility  can  afford  to 
pay  for  it,  is  v^ery  small,  and  likely  to 
be  wiped  out  by  many  disturbing  fac- 
tors. 

Conclusions 

In  conclusion  it  may  be  said  that  high 
steam  pressure  can  be  shown  to  be  ad- 
vantageous in  some  industries  but  not 
in  others,  and  that  even  in  the  industries 
where  the  conditions  are  generally  fa- 
vorable it  may  not  be  suitable  in  all 
plants.  It  must  also  be  remembered 
that  after  the  engineer  has  figured  and 
planned  with  the  utmost  care,  and  has 
demonstrated  that  an  investment  in 
high-pressure  equipment  can' be  made  to 
pay  high  returns,  the  management  may 
prefer  to  spend  the  same  sum  in  pro- 
ductive departments  of  the  industry,  or 
on  the  Sales  Department,  whereby  even 
greater  returns  may  be   obtained. 


Ir\in"g  E.  Moultrop*:  Mr 
very  interesting  paper  is  quite  opportune 
at  this  time.  I  am  very  glad  that  he  has 
brought  out  so  clearly  not  only  the  ther- 
mo-dynamic  advantages  and  disadvanta- 
ges of  going  to  the  higher  steam  pres- 
sures, but  also  something  about  the  cap- 


DISCUSSION 

Pope's       ital  charges  involved. 


During  my  experience  as  an  engineer 
with  The  Edison  Electric  Illuminating 
Company  of  Boston,  which  goes  back 
nearly  thirty-five  years,  I  have  seen 
many  changes  take  place.  Many  times  I 
have  seen  where  some  -big  utility  com- 


*The   Edison   Electric  Illuminating  Company   of   E'.oston. 


HIGH  STEAM  PRESSURE  IN  INDUSTRIAL  PLANTS— DISCUSSION  61 


pany,  or  some  large  power  user,  has  gone 
into  a  new  development  of  some  sort 
which  proved  very  profitable  to  them, 
and  I  have  also  seen  a  tendency  on  the 
part  of  some  people  to  go  into  a  similar 
development  because  their  larger  neigh- 
bor has  done  so,  without  making  a  care- 
ful study  to  determine  whether  or  not 
they  were  justified  in  following  the 
fashion. 

The  adoption  of  higher  steam  pres- 
sures, namely,  from  600  to  1200  lbs.,  by 
a  few  of  the  larger  utilities  is  naturally 
attracting  much  attention.  I  find  a 
number  of  people  are  indicating  more 
than  passing  interest  in  this  development, 
and  I  hope  that  they  will  not  feel  they 
should  do  something  of  this  sort  merely 
because  a  large  power  user  has  done  so. 
The  subject  should  receive  very  careful 
engineering  study  both  from  the  thermo- 
dynamic standpoint  and  from  the  stand- 
point of  the  investment. 

Professor  E.  F.  Miller*:  1  would 
like  to  ask  Mr.  Pope  what  Rankine  ra- 
tio he  considers  he  is  likely  to  get  on  a 
high-pressure  turbine,  and  what  quality 
of  steam  he  expects  to  get  at  the  350-lb. 
exhaust  pressure;  whether  it  gets  down 
to  saturated  or  whether  it  is  still  super- 
heated. 

Mr.  Pope:  You  have  reference  to 
the  Weymouth  installation? 

Professor  Miller:  Yes. 

Mr.  Pope:  Well,  theoretically  we 
start  out  there  with  about  1100  lbs.  and 
700  degrees,  and  I  think  the  efficiency 
ratio  is  about  70  per  cent.  I  do  not  recall 
right  now.  Perhaps  there  are  others 
here  in  the  audience  who  can  tell  me 
that  definitely.  We  do  not  get  saturated 
steam  in  the  exhaust;  we  still  have  some 
superheat.  That  came  about  in  this 
fashion:  the  Weymouth  station  was  to 
be  an  operating  station,  just  as  good  as 
anybody  could  build  without  getting 
into  experiments,  and  for  that  reason  the 
boilers  were  built  for  a  working  pressure 
of  400   lbs.,  and   the   turbines  for   350 


lbs.,  in  fact,  they  both  operate  some- 
where in  between,  and  we  have  a  stand- 
ard, high-grade  plant.  Then,  with  the 
idea  of  finding  out  what  there  might 
be  in  the  use  of  very  high-pressure  steam, 
a  1200  lb.  plant  was  superimposed  on  the 
standard  plant.  Now  if  you  were  to 
start  out  and  say,  "We  are  going  to  have 
1200  lbs.  anyhow,  and  we  will  divide 
our  pressure  range  for  the  very  best 
efficiency,"  it  is  possible  that  you  m.ight 
select  some  other  pressure  than  3  50  lbs. 
for  ihc  intermediate  point,  but  you 
would  not  get  much  different  or  much 
better  results  than  we  get  from  the  in- 
stallation as  it  is,  and  it  certainly  was 
much  safer  to  go  ahead  on  the  basis  that 
has  been  adopted. 

Charles  T.  MAmt:  I  think  there 
is  not  anything  to  quarrel  about  in  this 
paper.  Mr.  Pope  has  covered  the  sub- 
ject thoroughly  and  to  the  satisfaction 
of  mvself,  and  I  think  to  everybody  in 
the  audience. 

I  of  course  am  most  interested  in  in- 
dustrial plants — power  for  industrial 
plants.  I  have  given  a  good  deal  of 
thought  to  using  high-pressure  steam, 
particularly  in  textile  mills.  In  a  cen- 
tral power  station  the  product  which 
is  to  be  sold  is  power,  and  that  is  where 
the  profit  is  made,  and  in  such  a  sta- 
tion they  can  probably  afford  to  go  to 
greater  expense  in  the  installation  of 
the  plant  to  get  greater  efficiency,  and 
there  is  usually  available  a  class  of  riien 
to  operate  the  plant  that  is  perhaps  of  a 
higher  degree  of  efficiency  than  may  be 
found  in  the  average  industrial  plant. 
The  industrial  plant  is  turning  out  a 
product  for  sale  to  which  the  production 
of  power  is  only  incidental,  and  the 
thing  to  be  considered  there  in  the  first 
place  is  reliability  and  simplicity.  The 
Inst  degree  of  efficiency  in  the  produc- 
tion of  the  power  is  not  so  important  as 
to  be  sure  to  have  a  plant  which  is  re- 
liable, which  will  run  every  day  with 
the   care   which    is    usually   given    to  the 
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running  of  such  plants.  The  cost  of 
shutdowns,  even  for  a  short  time,  is 
sometimes    very    expensive. 

We  realize  that  in  going  into  higher 
pressures  there  are  troubles  to  be  antici- 
pated and  expenses  involved  which  I 
think  are  not  warranted  in  the  textile 
mills,  except  possibly  in  the  case  of  a 
bleachery  or  dye  house,  which  Mr.  Pope 
has  covered. 

Mr.  Warren  told  us  that  a  consider- 
able portion  of  steam  is  required  for 
process  work  at  about  150  lbs.  pressure. 
It  seems  to  me  that  in  a  mill  like  his  it 
might  pay  to  give  very  careful  consider- 
ation to  the  question  as  to  whether  in 
remodeling  their  plant  they  should  not 
go  to,  say,  400  lbs.  pressure,  or  to  the 
pressure  to  which  we  have  already  ar- 
rived in  the  construction  of  boilers  and 
in  the  design  of  piping. 

W.  H.  Balcke*:  I  thought  it  might 
be  some  slight  contribution  to  discuss 
a  little  where  this  power  comes  from, 
and  what  it  costs  to  get  power  by  means 
of  extraction  or  by  reduction  in  pres- 
sure, because  I  did  not  always  have  a 
very  clear  conception  as  to  what  it  cost 
if  you  turned  high-pressure  steam 
through  a  turbine  and  got  some  power 
and  had  some  steam  left. 

In  the  first  place,  of  course  you  can't 
get  any  power  without  putting  in  a  cer- 
tain amount  of  heat,  and  theoretically 
that  amount  of  heat  is  approximately 
3412  B.  t.  u.'s.  The  heat  demand  for 
one  kilowatt-hour  is  3412  B.  t.  u.'s,  ir- 
respective of  turbine  efficiency,  and  aside 
from  radiation  and  leakage  and  other 
similar  losses  which  might  come  in  in 
trying  to  operate  the  turbine. 

If  you  want  to  take  account  of  these 
losses  and  extend  the  3412  B.  t.  u.'s 
up  to  5000,  that  is  approximately  the 
heat  cost  of  every  kilowatt-hour  that 
you  would  get  out  of  such  bled  steam. 
If  we  take  that  5000  B.  t.  u.'s  and 
•  apply  a  boiler  efficiency  of,  say,  70  per 
cent,  it  means  that  this  power  has  cost 
about    7000    B.    t.    u.'s,    or    one-half    a 


pound  of  very  good  coal.  In  any  or- 
dinary plant  you  won't  get  it  for  any 
less  than  that,  a  fact  which  I  thought 
it  might  be  useful  to  point  out  as  being 
about  the  measure  of  the  cost  of  such 
power  irrespective  of  the  interest 
charges  or  the  equipment  that  might  be 
demanded. 

Frank  S.  CLARKf:  Mr.  Main,  in  re- 
ferring to  the  textile  industry,  men- 
tioned the  question  of  reliability  and 
availability.  In  the  East  here,  with  the 
larger  interconnected  systems,  that  ques- 
tion pretty  much  answers  itself,  but  you 
do  find  instances  where  that  is  a  very 
important  item. 

I  have  in  mind  one  installation  in  a 
small  town  in  the  Middle  West  which 
required,  I  think,  about  8000  kw.  The 
central  station  supplying  the  town  itself 
only  had  about  7500  kw.  installed.  The 
power  was  required  by  this  industry  very 
quickly,  and  to  have  gone  to  the  cen- 
tral station  would  have  meant  that  they 
would  have  had  to  go  to  the  Public 
Service  Commission  to  get  authority  to 
issue  the  bonds  and  to  make  the  instal- 
lation. Anyway,  the  industrial  plant,  in 
a  station  of  that  size,  could  have  pro- 
duced its  power  as  cheaply  as  the  central 
station.  Incidentally,  it  was  located 
on  a  very  small  stream,  about  a  half 
mile  above  the  central  station  plant,  so 
that  the  industry  could  get  the  advantage 
of  the  cooler  condensing  water,  and  I 
understand  that  after  the  plant  was  in 
operation  the  central  station  suffered 
somewhat  itself. 

A  remark  was  made  in  one  of  the 
progress  reports  of  the  A.  S.  M.  E.  last 
week  which  shows  the  trend  of  indus- 
trial power.  This  referred  to  the  tex- 
tile industry  and  was  to  the  effect  that 
in  the  last  five  years,  I  think,  the  per- 
centage of  purchased  power  in  the  tex- 
tile industry  had  doubled.  I  think  you 
will   see   that  ratio  constantly  increase. 

Mr.  Pope,  in  closing  his  remarks, 
made  a  very  pertinent  statement  to  the 
effect  that  the  central   station  engineer. 
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in  figuring  his  savings,  is  up  against  the 
problem  that  the  same  amount  of  money 
invested  in  other  parts  of  the  plant 
must  show  greater  returns.  And  that  is 
very  important. 

I  have  in  mind  one  plant  that  was  in- 
vestigated some  years  ago,  involving  5  0,- 
000  installed  boiler  horsepower,  by 
about  a  half-dozen  different  plants  lo- 
cated all  over  the  lot,  and  the  investi- 
gation showed  that  savings  could  be 
effected  which  any  central  station  man 
would  have  jumped  at  but  to  which  the 
industry  absolutely  turned  a  deaf  ear 
because  they  could  invest  that  same 
amount  of  money  in  other  ways  and  get 
even  greater  returns  than  shown  for  the 
production  of  power. 

E.  B.  Powell*:  Mr.  Pope  has  very 
appropriately  laid  special  emphasis  on 
the  commercial  and  operating  aspects  of 
higher  steam  pressures.  As  mentioned 
by  Mr.  Pope,  and  by  Mr.  Moultrop  in 
his  introductory  discussion  of  the  paper, 
there  has  appeared  a  tendency  to  ac- 
cept the  advance  in  steam  pressures  rath- 
er lightly  as  a  matter  of  course,  and 
there  have  been  extravagant  statements 
of  the  benefits  to  prospective  industrial 
users.  The  very  exacting  operating  re- 
quirements of  these  higher  pressures  are 
not  widely  appreciated,  and  too  often 
such  factors  as  additional  Investment 
required  and  even  the  actual  utilization 
of  the  "by-product"  power  are  given  but 
superficial  consideration.  Careful,  de- 
tailed analysis  of  all  features  as  sug- 
gested in  Mr.  Pope's  paper  is  essential 
to  an  intelligent  selection  of  operating 
pressure  either  for  a  completely  new 
plant  or  for  an  addition  to  an  existing 
plant. 

Frederick  M.  GiBSONf:  Several 
times  during  the  session  the  statement 
has  been  made  that  a  manufacturer  can 
secure  a  better  return  on  his  money  by 
purchasing  power  and  putting  his  money 
Into  production  than  can  be  secured  by 
Investing  his  money  in  an  isolated  power 
plant.      This  may  be  true  In  some  cases, 


but  not  in  all.  From  statements  made 
by  other  engineers,  it  seems  to  be  the 
consensus  of  opinion  that  production  is 
limited  more  often  by  the  amount  of 
sales  than  by  the  production  capacity 
of  the  plant.  I  think  that  Mr.  War- 
ren stated  it  in  a  new  way  when  he 
said  that  a  certain  saving  in  the  cost  of 
power  would  amount  to  1  5  per  cent  of 
the  profits  of  the  company. 

With  regard  to  higher  steam  pres- 
sures, I  am  not  prepared  to  go  into  the 
technical  end  of  the  discussion.  It 
might  be  well  to  look  beyond  the  power 
plant  to  see  what  possible  benefits  could 
be  derived  from  higher  steam  pressures 
in  a  great  many  Industrial  plants  that 
have  a  large  demand  for  process  steam. 
While  this  type  of  plant  may  not  form 
a  large  proportion  of  the  total  number 
of  plants,  the  amount  of  fuel  that  they 
consume  is  enormous.  One  plant  alone 
is  using  over  a  thousand  tons  of  coal  a 
day,  which  is  comparable  with  many  of 
our  large  central  stations. 

When  many  of  these  plants  were  de- 
signed, it  was  customary  to  have  a  sys- 
tem of  125  lbs.  pressure  for  live  steam 
for  the  prime  movers,  a  system  of  60 
to  80  lbs.  for  process  work,  and  a  sys- 
tem of  5  to  1  5  lbs.  for  heating.  The 
prime  'movers  exhausted  into  the  heat- 
ing pressure  system.  Pumps  and  auxil- 
iaries throughout  the  plant  used  the  proc- 
ess pressure  system  as  live  steam  and 
exhausted  Into  the  heating  pressure  sys- 
tem. The  "high  pressure"  system  ran 
only  from  the  boiler  house  to  the  pow- 
er house,  but  the  process  pressure  and 
heating  pressure  systems  ran  parallel 
throughout  the  entire  plant. 

In  many  plants  the  balancing  of  these 
systems  has  become  very  difficult.  Im- 
proved processes  are  more  economical  in 
the  use  of  steam,  but  generally  require 
more  power.  The  power  load  has  been 
greatly  increased  by  the  introduction  of 
automatic  machinery  and  the  mechanical 
handling  of  materials.  In  order  to  re- 
duce   the    production    of   exhaust    steam 
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the  "high  pressure"  steam  has  been 
raised  from  200  to  250  lbs.  pressure. 
Steam-driven  pumps  and  auxiliaries  have 
been  motorized.  Efforts  to  use  more  ex- 
haust steam  have  resulted  in  greater  heat- 
ing surfaces  so  that  preliminary  heating 
could  be  done  by  exhaust  steam.  In  some 
cases  banks  of  coils  were  divided,  with 
one  section  using  the  heating  pressure 
system  and  one  section  using  process 
pressure  system.  In  some  cases  indi- 
vidual heating  coils  had  a  double  con- 
nection so  that  either  system  can  be  used. 
Such  systems  result  in  expensive  compli- 
cations, and  in  many  cases  they  have 
not  met  the  situation.  In  some  plants, 
certain  departments  can  operate  only  at 
certain  scheduled  periods  in  order  to 
avoid  overloading  the  heating  pressure 
system. 

I  believe  that  there  is  a  great  possibil- 
ity in  many  plants  of  doing  away  with 
the  heating  pressure  system  by  using  the 
higher  steam  pressures  for  the  prime 
movers  and  by  using  high  back  pressure 
turbines  to  exhaust  into  the  process  pres- 
sure system.  It  would  result  in  the  sim- 
plicity of  having  one  steam  pressure 
svstem  throughout  the  plant  instead  of 
two,  the  economy  of  smaller  pipe  sizes, 
decreased  heating  surface  or  increased 
production  in  apparatus  using  heating 
surfaces,  and  in  greater  flexibility  in  the 
operation  of  individual  departments  in 
the  plant.  The  increased  cost  in  the 
power  plant  might  easily  be  justified  by 
the  benefits  secured  in  other  depart- 
ments in  the  plant. 

Mr.  H.  T.  Chandler*:  1  am  par- 
ticularly interested  in  what  Mr.  Pope 
said  about  bleeding  the  receiver  of  a 
compound  engine.  One  of  the  ques- 
tions I  would  like  to  ask  is,  supposing 
he  had  an  engine  of,  say,  175  lbs.  steam 
pressure,  initial  pressure  of  ordinary  pro- 
portions, about  what  would  be  the  lim- 
its of  the  intermediate  pressure  that  you 
could  use  for  bleeding  purposes? 

And    also    Mr.    Gibson's    remark    just 


now.  I  was  wondering  if  he  used  80 
lbs.  of  steam  in  one  line  how  he  would 
handle  the  heating  line  which  calls  for 
10  lbs.;  whether  he  would  continue  to 
use  reducing  valves  to  get  from  the  80 
lbs.  down  to  the  10,  or  whether  possi- 
bly he  would  use  some  sort  of  interme- 
diate power  producing  apparatus? 

Mr.  Gibson:  Where  multiple  effect 
evaporators  are  used,  it  would  be  ad- 
visable to  use  a  reducing  valve.  Where 
stock  in  process  may  be  damaged  by  the 
high  temperature  of  the  steam,  a  limited 
amount  of  water  controlled  by  a  thermo- 
stat could  be  sprayed  into  the  steam  to 
reduce  its  temperature  to  the  desired 
point. 

Walter  DimanI:  In  connection 
with  the  problem  of  power  and  high- 
pressure  steam  I  would  say  that  we  have 
installed  and  had  in  operation  at  our 
plant  a  5  000  kw.  Allis-Chalmers 
straight  non-condensing  turbine.  It  is 
operating  on  150  lbs.  pressure  at  the 
throttle  and  was  installed  to  use  225 
lbs.  in  case  it  was  desired  to  use  a 
higher  pressure  ultimately,  which  we 
might  do  in  the  future  in  case  we 
changed  the  type  of  our  boilers.  This 
machine  exhausts  at  25  lbs.,  and  our 
whole  worsted  department  is  operatin;; 
on  this  pressure.  Some  changes  had  to 
be  made  in  the  manufacturing  equip- 
ment to  accommodate  the  lower  pres- 
sure. The  slashers  formerly  operated 
at  100  lbs.  pressure  and  are  now  op- 
erating very  satisfactorily  on  15  lbs. 
exhaust  steam  pressure,  and  could,  I 
think,  be  operated  on  a  less  pressure. 
There  are  many  other  chances  to  reduce 
the  manufacturing  steam  pressures  in 
textile  as  well  as  other  industries.  This, 
to  my  mind,  is  as  important  as  increas- 
ing the  initial  turbine  pressures,  and 
might  in  some  cases  produce  a  better 
manufactured  product.  If  power  is 
needed  then  it  will  probably  be  wiser 
to  increase  the  turbine  throttle  pressure 
up  to  the   point  where   sufficient  power 
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can  be  derived  from  the  steam  passing 
through  the  machine.  With  a  reduction 
in  the  exhaust  pressure  it  will  of  course 
help  this  out  materially.  I  don't  think 
in  any  individual  plant  there  is  much 
need  of  increasing  the  pressure  above 
that  needed  to  give  the  desired  power 
unless  vou  can  make  use  of  the  excess 
power. 

There  is  another  point  to  be  broughi 
out,  and  that  is  the  use  of  the  steam  in 
case  it  is  to  be  by-passed.  Suppose  the 
turbine  should  shut  down  for  any  rea- 
son and  you  have  to  pass  all  the  manu- 
factured steam  used  immediately  through 
reducing  valves  to  accommodate  the 
manufacturing  conditions.  If  you  are 
operating  at  a  high  initial  pressure  com- 
bined with  a  high  steam  temperature, 
■^ou  are  bound  to  have  trouble  with  re- 
ducing valves,  as  not  many  will  stand 
this  condition  for  any  length  of  time. 
In  addition  to.  this  the  temperature 
might  cause  considerable  trouble  to  the 
manufactured  product  as  well  as  to  the 
manufacturing  piping  and  equipment. 
This  should  be  given  very  serious 
thought.  Each  plant,  as  Mr.  Pope  has 
said,  has  got  to  be  considered  by  itself. 

In  some  cases  plants  are  entirely  re- 
vamped in  order  to  increase  the  steam 
pressures,  obtain  more  power,  etc.  Very 
considerable  thought  should  be  given  to 
this,  for  in  every  case,  from  an  individ- 
ual plant  standpoint,  it  will  resolve  itself 
into  a  question  of  dollars  and  cents, 
which  it  should.  In  almost  every  case 
additional  power  can  be  obtained  with  a 
probable  reduction  of  labor,  but  the 
question  to  be  decided  is  whether,  after 
all  changes  are  made,  the  saving  will  be 
sufficient  to  cover  the  interest  on  the 
investment  made,  with  some  to  spare. 
Let  us  all  remember  in  the  final  analy- 
sis it  is  a  question  of  what  it  will  cost 
and  what  returns  you  will  get. 

Percy  C.  Idell*:  We  hold  no  brief 
for  high-pressure  boilers  one  way  or  the 
other,  but  it  is  interesting  to  us  to  see 
how    the   demand   for   them    is   increas- 


ing. We  have  about  400,000  hp.  in  use 
now  for  350  lbs.  or  over,  of  which 
about  60,000  hp.  is  for  650  lbs.  or  over. 
We  have  on  order  one  boiler  for  1390 
lbs. 

Now,  whether  there  is  any  efficiency 
in  1390  over  1200  lbs.  I  will  leave  to 
my  good  friends  Mr.  Pope  and  Mr. 
Moultrop  to  tell  you. 

Let  us  turn  to  the  industrial  plant, 
which  I  understand  is  the  keynote  of 
this  meeting.  For  a  number  of  years 
nationally  known  plants  and  companies, 
like  the  General  Electric  and  Singer 
Manufacturing  Company,  have  been 
buying  boilers  for  about  250  lbs.  Do 
not  ask  me  why  they  buy  them;  that  is 
for  you  engineers.  I  think  it  is  quite 
interesting.  They  used  to  come  to  our 
office  and  say,  "Well,  now,  what  do  yon 
think  about  this  high  pressure?  Do  you 
think  we  ought  to  go  to  it?  "  Now  they 
are  coming  in  and  saying,  "We  want 
250";   "we  want  350  lb.  boilers." 

Referring  to  the  industries  of  New 
England,  in  the  textile  mills,  we  h.ave 
a  number  of  recent  orders  for  250  and 
300  lb.  boilers,  and  in  paper  plants  we 
have  recently  received  several  orders  for 
300  lb.  boilers.  We  have  on  order  a 
1200  lb.  boiler  for  a  fibre  company  out 
in  Mississippi.  I  have  not  the  least 
idea  why  thev  want  that  pressure.  It  is 
a  secret  process  in  some  way,  and  they 
do  not  want  the  steam  constantly,  they 
want  it  in  surges  of  three  or  four  min- 
ute intervals. 

We  have  in  this  city  a  650  lb.  boiler 
at  the  Manning,  Maxwell  &  Moore  shop 
for  testing  the  high-pressure  valve  and 
fittings.  That  is  a  riveted  drum,  and  it 
may  be  interesting  to  you  to  know  that 
the  650  lbs.  is  considered  about  the  limit 
of  the  riveted  drum.  That  gives  you  a 
2-inch  plate,  a  2-inch  bow  strap  inside 
and  out,  and  a  6-inch  rivet,  which  is 
long  enough. 

Mr.  Pope:  There  is  one  question 
remaining  unanswered,  and  that  is  about 
bleeding    the    receiver    of    reciprocating 
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engines.  I  have  considered  somewhat 
the  problem  of  bleeding  those  engines, 
but  I  have  never  gone  so  far  as  to  de- 
termine that  it  actually  could  be  done 
However,  I  do  not  see  why  it  can't  be 
done.  It  seems  to  me  that  one  can 
automatically  control  the  cutoff  on  the 
low-pressure  cylinder,  to  keep  any  nor- 
mal receiver  pressure,  which  I  presume 
is  from  5  to  1  5  lbs.,  and  bleed  any  quan- 
tity within  the  usual  limits.  You  can't 
take  all  the  steam  out  of  a  bleeder  ma- 
chine, whether  it  is  a  turbine  or  an  en- 
gine; you  have  to  let  something  go 
through  to  the  condenser,  and  if  you 
want  the  maximum  of  power  you  can't 
take  any  out.  You  have  to  work  be- 
tween the  limits  of  a  lot  of  steam  and  a 
little  power,  and  a  lot  of  power  and  a 


little  steam.  I  should  think  the  par- 
ticular question  could  best  be  answered 
by  the  manufacturer  of  the  engine,  and 
I  would  be  glad  to  hear  what  he  felt  he 
could  do  about   it. 

I  have  not  anything  in  particular  to 
say  in  closing  excepting  that  I  do  not 
want  anybody  to  think  that  I  am  knock- 
ing high-pressure  steam,  or  that  I  con- 
demn it,  because — far  from  it — 1  do 
not.  I  simply  have  been  asked  to  talk 
on   the  advantages  and  disadvantages. 

There  is  only  one  advantage  to  high- 
pressure  steam,  and  that  is  that  it  may 
enable  you  to  get  more  power  with  the 
same  weight  of  steam;  everything  else 
about  it  is  a  disadvantage,  as  I  think  all 
•will  i.dmit. 
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PART  1 

By  Edgar  D.  Dickinson 
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Some  years  ago  I  heard  a  statement 
made  to  the  effect  that  before  long  we 
would  see  no  more  small  turbines  being 
installed,  for  the  reason  that  it  would  be 
found  uneconomical  to  generate  electric 
power  in  small  power  stations.  It  is  true 
that  the  large  stations  have  made  such 
improvements  in  efficiency  that  they  are 
able  to  produce  a  kilowatt-hour  at  a 
figure  far  below  what  might  be  expected 
in  any  industrial  plant,  and  if  we  con- 
sider the  cost  of  electric  power  alone, 
the  statement  would  be  justified.  How- 
ever, we  find  that  an  increased  number 
of  the  smaller  turbines  are  being  sold 
and  at  the  same  time  there  is  a  marked 
tendency  toward   increased   capacity. 

Engineers  are  constantly  striving  for 
greater  economies,  and  in  analyzing  the 
costs  in  any  manufacturing  industry  the 
charges  that  have  to  be  allowed  for  heat 
and  power  must  be  given  the  same  con- 
sideration as  those  for  labor  and  ma- 
terials. Therefore  the  engineer  is  al- 
ways on  the  lookout  for  means  whereby 
these  two  items  can  be  reduced. 

In  the  early  days  of  the  steam  tur- 
bine it  was  recognized  that  a  certain 
amount  of  power  could  be  produced  at 
relatively  low  cost  by  the  use  of  low- 
pressure  or  mixed-pressure  turbines,  and 
a  number  of  this  type  were  installed 
with  very  gratifying  results.  As  power 
plants  developed  and  ah  increased  num- 
ber of  condensing  turbines  were  in- 
stalled, the  amount  of  low-pressure 
steam   available   to    be   transformed    into 


useful  work  was  reduced.  This  ac- 
counts for  the  decreased  use  of  the 
mixed-pressure   turbine. 

Further  studies  of  manufacturing 
processes  showed  that  in  many  instances 
large  amounts  of  steam  were  being  gen- 
erated only  to  be  used  at  a  lower  pres- 
sure after  passing  through  reducing 
valves.  It  was  apparent  that  a  great 
deal  of  heat  energy  was  being  wasted 
that  might  be  converted  into  electricity 
by  the  simple  expedient  of  using  a 
steam  turbine  as  a  reducing  valve.  With 
the  more  .  general  use  of  higher  pres- 
sures and  temperatures  the  amount  of 
power  that  can  be  so  generated  is  very 
much  increased.  We  now  find  that 
wherever  consideration  is  being  given  to  • 
remodeling  or  increasing  existing  power 
plants,  very  serious  consideration  is  being 
given  to  the  installation  of  high-pres- 
sure boilers  fitted  with  superheaters,  and 
a  most  careful  study  is  being  made  of 
the  heat  balance  to  be  obtained  in  power 
houses  in  conjunction  with  the  manu- 
facturing processes. 

Extraction-Type  Turbines 
In  many  instances  where  sufficient 
power  cannot  be  generated  by  the  non- 
condensing  turbine  it  has  been  found 
desirable  to  use  turbines  arranged  for 
bleeding  the  requisite  amount  of  steam 
from  one  or  more  of  the  stages.  These 
we  call  the  extraction-type  turbines. 

In  its  simplest  form,  any  turbine  pro- 
vided   with    an    opening    in    the    shell 
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might  be  classed  as  an  extraction  turbine. 
In  such  it  will  be  apparent  that  inas- 
much as  the  stage  pressure  will  fluctuate 
with  the  opening  of  the  primary  valves 
in  response  to  the  governor,  the  steam 
available  for  extraction  will  vary  with 
the  load.  This  type  of  extraction  can 
be  commended  on  the  score  of  simplic- 
ity, and  for  applications  where  the  re- 
lation between  steam  demand  and  load 
is  approximately  constant,  this  type  of 
turbine  is  admirably  suited.  This 
means  it  is  most  generally  employed  for 
providing  steam  for  feed-water  heat- 
ing, and  the  necessary  control  is  re- 
duced to  the  minimum,  as  both  the  ex- 
tracted steam  and  the  flow  to  throttle 
will  be  approximately  proportional  to 
the  electrical  load.  Control  of  pressure 
can  be  obtained  up  to  the  stage  pres- 
sure by  the  introduction  of  a  reducing 
valve  in  the  extraction  line. 

There  are  two  means  generally  em- 
ployed for  controlling  the  pressure  in 
the  stage  from  which  steam  is  to  be  ex- 
tracted. The  one  first  developed  and 
still  used  in  many  cases  is  to  fit  one  or 
more  blank  diaphragms  in  the  turbine, 
which  to  all  intents  and  purposes  divide 
the  turbine  into  several  turbines.  In 
such  machines  the  steam  is  all  extracted, 
and  what  is  not  required  for  process  is 
admitted  through  a  suitable  valve  into 
the  lower  pressure  stages.  The  other 
method  is  to  provide  a  suitable  valve  in 
the  diaphragm  following  the  stage  from 
which  steam  is  to  be  extracted.  The 
valve  is  arranged  to  close  or  open  the 
nozzle  ports  and  maintain  the  proper 
pressure  in  the  extraction  stage.  This  is 
commonly  called  grid-valve  extraction. 
This  method  allows  maximum  efficiency 
to  be  obtained  in  an  extraction  type  tur- 
bine and  is  particularly  valuable  in  tur- 
bines where  the  steam  is  to  be  extracted 
at  moderate  pressures  where  the  specific 
volume  is  great.  Losses  inherent  to  de- 
flecting all  of  the  steam  from  its  path 
and  the  pressure-drop  losses  due  to  carry- 
ing the  steam  through  tortuous  passages 
are  avoided. 

In    some  processes   it  has  been    found 


desirable,  in  order  that  maximum  plant  1 
efficiency   be    obtained,    to    use   steam   at 
several   different  temperatures  and  pres- 
sures.    This  is  done  by  extracting  steam 
from  several  stages. 

No  general  statement  can  be  made 
as  to  the  relative  merits  of  the  various 
types  of  extraction  turbines.  A  thorough 
study  of  the  heat  and  load  cycle  per  day, 
week,  and  year  is  necessary  before  rec- 
ommendation can  be  made.  In  some 
instances  where  there  are  wide  fluctua- 
tions in  relative  demands  for  electrical 
power  and  heat  it  has  been  found  best 
to  install  both  condensing  and  non- 
condensing  turbines  and  reducing  valves 
all  designed  to  have  similar  characteris- 
tics, so  that  good  regulation  of  both 
speed  and  pressure  can  be  obtained. 
There  are  other  instances  where  it  has 
been  found  desirable  to  fit  turbines  with 
reducing-valve  extraction  in  the  upper 
stages  and  grid-valve  extraction  in  the 
lower  stages. 

Whether  one  buys  or  generates  elec- 
tric power  is  entirely  an  economic 
question.  In  manufacturing  plants 
where  the  electrical  demand  is  relatively 
high  and  the  steam  demand  small,  it 
will  probably  be  more  economical  to 
purchase  power  than  to  generate   it. 

In  controlling  extraction-steam  pres- 
sure on  extraction-type  turbines,  many 
problems  in  governing  are  met  with 
which  are  not  encountered  in  straight 
condensing  turbines.  The  governing 
mechanism  must  be  extremely  powerful, 
and  every  precaution  taken  to  reduce  to 
minimum  hunting  or  swinging  of  the 
load  and  pressure.  In  industrial  plants 
the  turbines  are  often  subjected  to 
rapid  and  severe  changes  in  loid  and 
demand  for  process.  The  load  swings 
are  relatively  greater  than  encountered 
on  big  systems,  where  the  turbines  oper- 
ate at  approximately  constant  load. 

The  kilowatt  rating  of  a  machine  is 
no  criterion  of  the  capacity  of  the  inlet 
valves  or  of  the  control  demands  that 
must  be  met  by  the  governor.  An  ex- 
traction-type turbine  of  5  000  kw.  rated 
capacity    may    have    a    steam    flow    equal 
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ro  a  20,000  kvv.  condensing  turbine. 
The  demand  for  extraction  steam  may 
be  continuously  changing  through  a  very 
wide  range.  The  control  mechanism 
must  automatically  maintain  extraction 
pressure  within  commercial  limits  with- 
out change  of  the  speed  governor. 

It  is  sometimes  economical  to  arrange 
the  extraction-type  turbine  so  that  dur- 
ing periods  in  the  manufacturing  cycle, 
low-pressure  steam  may  be  admitted  to 
the  extraction  stage  and  used  to  generate 
electric  power.  Such  turbines  as  this, 
of  the  mixed-pressure  type,  serve  a  most 
useful  and  valuable  purpose  in  main- 
taining approximately  constant  pressure 
and  preventing  waste  in  systems  where 
an  excess  of  low-pressure  steam  cannot 
be   avoided  during  certain   periods. 

A  word  on  the  subject  of  efficiency 
might  be  pertinent.  We  hear  some 
talk  in  a  general  way  of  the  high  effi- 
ciencies that  are  being  secured  on  this 
or  that  particular  turbine.  The  highest 
that  I  have  seen  quoted  on  a  non-con- 
densing turbine  was  that  of  a  Brunner 
turbine.  This  was  rated  at  3000  kw.,  and 
with  182  lbs.  gauge  pressure  and  740 
degrees  steam  temperature  it  showed  a 
Rankine  efficiency  of  approximately  84- 
per  cent.  This  means  about  78  per  cent 
over-all  efficiency  with  200  lbs.  and  100 
degrees  superheat  and  including  gen- 
erators. It  is  my  understanding  that 
this  turbine  was  built  in  two  casings  and 
had  some  forty  stages.  It  is  altogether 
probable  that  the  efficiencies  reported 
were  realized.  However,  the  capital- 
ized value  of  the  saving  that  might  be 
secured  by  such  a  turbine  would  not  be 
warranted  with  the  present  price  of  fuel. 
On  the  other  hand,  turbines  having  effi- 
ciencies only  a  few  per  cent  lower  are 
well  justified.  It  must  be  borne  in 
mind  that  these  figures  are  all  relative 
and  considered  as  applying  to  average 
sizes  of  turbines  generally  used  in  indus- 
trial plants.  Efficiency  is  not  a  general 
term.  To  be  intelligently  considered, 
we  must  specify  all  conditions,  viz.: 
capacity  of  turbine,  pressure,  superheat, 
and  back  pressure.      For  the  larger  tur- 


bines used  in  the  big  power  houses  en- 
tirely different  conditions  exist,  and 
these  must  be  given  special  considera- 
tion. 

The  design  of  the  extraction  and 
mixed-pressure  turbine  is  considerably 
more  complex,  and  takes  a  great  deal 
more  time  than  the  straight-condensing 
or  non-condensing  turbine.  In  discuss- 
ing efficiencies  one  must  always  realize 
that  the  mixed-pressure  or  extraction- 
type  turbine  is  a  compromise.  Every 
turbine  is  laid  out  to  have  the  proper 
steam  velocities  at  one  load.  It  will  be 
apparent,  therefore,  that  at  all  other 
loads  the  steam  velocity  will  not  bear 
the  proper  relation  to  the  bucket  veloc- 
ity, and  as  a  consequence  there  will  be 
some  sacrifice  in  efficiency. 

In  the  extraction-type  turbine  the 
high-pressure  end  must  be  designed 
to  carry  not  only  the  steam  required  for 
extraction,  but,  in  addition,  the  steam 
which  will  pass  through  the  low-pres- 
sure stages  to  the  condenser.  There- 
fore, when  such  a  turbine  is  operated 
straight  condensing  and  with  the  same 
electrical  load,  the  steam  flows  through 
both  high  and  low  pressure  parts  of  tur- 
bine will  be  diff"erent,  and  in  conse- 
quence the  efficiency  will  be  affected. 
Speaking  generally,  in  an  extraction 
type  turbine  the  high-pressure  end  is 
relatively  larger  than  would  be  for 
straight  condensing,  and  in  a  mixed- 
pressure  type  turbine  the  low-pressure 
end    is  relatively  larger. 

The  following  may  be  of  interest. 
We  have  on  order  and  in  commercial 
operation,  In  sizes  from  500  to  3000 
kw.,  approximately  300  of  the  non- 
condensing  turbines,  200  arranged  for 
reducing-valve  extraction  and  300  ar- 
ranged for  grid-valve  extraction,  making 
a  total  of  800. 

As  an  index  of  the  increasing  demand 
for  turbines  where  steam  is  to  be  used 
in  manufacturing  processes,*  65  per  cent 
of  recent  orders  in  sizes  from  1500  kw. 
to  6000  kw.  have  been  either  non-con- 
densing or  arranged  for  extraction. 
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Utilization  of  Extraction  Steam 

PART  2 

By  Arthur  D.  Somes 

Turbine  Engineering  Department,  General  Electric  Company,  West  Lynn,  Mass. 


Few  Industrial  power  plants  exist  for 
the  production  of  power  only.  Heat  is 
required  in  many  industrial  processes, 
and  the  production  of  heat  for  process 
work  is  a  very  important  purpose  of  such 
power  plants.  Where  economical  power 
can  be  purchased,  their  only  purpose 
may  be  the  production  of  heat  for 
process  work,  which  can  seldom  be  pur- 
chased economically.  Since  steam  is  a 
medium  very  commonly  used  for  sup- 
plying large  quantities  of  controlled 
heat,  these  plants  must  have  equipment 
for  producing  and  distributing  large 
flows  of  process  steam,  as  well  as  power. 

This  paper  is  a  discussion  of  the  ways 
in  which  various  types  of  steam  tur- 
bines may  be  applied  to  the  economical 
production  of  power  and  process  steam 
for  industrial  processes.  No  attempt  is 
being  made  to  show  what  will  be  the 
most  economical  type  for  any  particu- 
lar plant,  but  rather  a  review  of  the 
types  that  have  been  tried  and  proven 
practical  in  actual  applications. 

The  most  economical  industrial  power 
plant  is  the  one  that  produces  the  needed 
power  and  process  steam  at  the  lowest 
cost.  In  general,  the  highest  efficiency 
in  power  production  is  obtained  when 
all  process  steam  is  supplied  at  the  low- 
est possible  pressure  at  which  that 
process  can  be  advantageously  carried  on, 
and  as  much  «nergy  is  absorbed  from  the 
process  steam  in  expanding  through  the 
stages  of  a  steam  turbine  from  boiler 
pressure  to  process  pressure  as  practical 
limitations  will  allow.  To  the  process, 
the     turbine     functions    as    a     reducing 


valve  with  the  advantage  that  it  de- 
velops useful  power.  The  characteris- 
tics of  the  turbine  have  little  effect  on 
the  over-all  economy  of  a  plant  in 
which  the  power  available  from  the 
process  steam  is  in  excess  of  the  power 
requirements  of  the  plant.  When,  how- 
ever, the  power  demand  exceeds  that 
generated  by  the  process  steam,  the  de- 
ficiency must  be  purchased  or  generated 
in  a  condensing  turbine  with  an  un- 
avoidable loss  of  heat  to  the  cooling 
water.  High  economy  in  generating 
power  from  process  steam  is  essential  to 
high  over-all  economy. 

Types   of    Turbines 

The  various  types  of  steam,  turbines 
that  have  been  developed  and  that  are 
now  available  for  generating  power  from 
process  steami  are  given  in  the  table  be- 
low. An  automatic  extraction  turbine  is 
one  so  built  that  any  amount  of  steam 
from  nothing  up  to  the  capacity  of  the 
high  pressure  section  may  be  extracted 
at  a  given  pressure.  Ratings  range  from 
500   to   10,000   kw. 


The  types  of  turbines  are: 

1 .  Straight  non-condensing  for  high 
and   low  back  pressures. 

2.  Non-condensing  single  automatic 
extraction. 

3.  Straight  condensing  with  from  one 
to  three  bleeder  points  for  feed  heat- 
ing. 

4.  Condensing  single  automatic  extrac- 
tion or  mixed  pressure. 
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5.  Condensing  double  automatic  extrac- 
tion or  mixed  pressure. 

6.  Low-vacuum  heater  turbine  ex- 
hausting into  a  condenser  heater  with 
or  without  single  or  double  auto- 
matic extraction. 

7.  Extraction  turbine,  extracting 
through  reducing  valves  or  into  dead- 
end heating  systems. 

These  units  can  be  applied  success- 
fully in  such  Industries  as: 

1 .  Paper. 

2.  Textiles. 

3.  Metallurgical. 

4.  Sugar. 

5.  Lumber. 

6.  Chemical  products. 

The  non-condensing  turbine  can  be 
applied  to  best  advantage  where  large 
flows  of  process  steam  are  required  with- 
out large  fluctuations  in  flow.  Under 
these  conditions  high  efficiencies  may  be 
obtained.  Equipped  with  a  back-pres- 
sure regulator  it  must  be  operated  in 
parallel  with  existing  equipment.  This 
combination  is  equivalent  to  a  condens- 
ing automatic-extraction  unit.  Without 
back-pressure  control  it  must  operate  in 
parallel  with  reducing  valves  from  the 
boiler,  or  in  some  cases  with  a  condens- 
ing automatic-extraction  mixed-pressure 
turbine. 

The  non-condensing  automatic  ex- 
traction turbine  is  equivalent  to  two 
non-condensing  units  operating  in  paral- 
lel at  two  diff"erent  back  pressures,  with 
the  advantage  of  a  mechanical  speed  con- 
nection between  the  two,  instead  of  an 
electrical  connection.  It  has  the  effi- 
ciency and  operating  characteristics  of 
the  straight  non-condensing  turbine. 

The  condensing  automatic-extraction 
turbine  is  equivalent  to  a  non-condensing 
turbine  operating  in  parallel  with  a  con- 
densing turbine  with  a  mechanical  speed 
connection  between  the  two.  It  does 
not  have  the  high  economy  features  of 
either  the  straight  non-condensing  or 
condensing  machine.  It  is,  however, 
capable  of  handling  wide  fluctuations  in 


load  and  process-steam  flow  with  good 
economy.  Being  a  single  unit  and  self 
contained,  it  has  lower  losses  and  re- 
quires less  floor  space. 

The  condensing  double  automatic- 
extraction  turbine  is  equivalent  to  two 
non-condensing  turbines  with  different 
back  pressures,  or  a  non-condensing  ex- 
traction turbine  operating  in  parallel 
with  a  straight  condensing  unit.  It  has 
the  efficiency  and  operating  charac- 
teristics of  the  condensing  single  auto- 
matic extraction  machine. 

The  low-vacuum  heater  turbine  ex- 
hausting into  a  condenser  heater  can  be 
applied  to  good  advantage  in  plants 
where  large  quantities  of  cold  water 
must  be  heated  continuously.  The  water 
can  be  heated  in  one,  two,  or  three 
stages  of  heating,  with  all  of  the  ad- 
vantages of  the  regenerative  feed- 
heating  cycle  that  is  now  so  generally 
used  with  large  condensing  units. 

The  extraction  turbine  extracting 
steam  through  reducing  valves  may 
prove  economical  where  very  small 
amounts  of  process  steam  are  required. 
The  amount  that  can  be  extracted  at 
any  given  pressure  is  limited  by  the 
decreasing  pressure  in  the  turbine  stage 
with  decreasing  flow  to  condenser.  With 
large  extractions  the  throttling  of  the 
steam  from  the  stage  pressure  to  the 
process  pressure  at  some  loads  represents 
a  large  loss  in  available  power. 

Typical  Installation 

Now,  these  types  of  machines  may  be 
used  in  various  combinations  to  meet 
the  most  complicated  demands  for  proc- 
ess steam.  As  an  example  of  how 
these  combinations  have  been  worked 
out  for  particular  plants,  the  following 
description  of  an  application  to  a  met- 
allurgical process  is  typical. 

In  this  case  the  power  requirements 
remain  at  two  definite  values,  without 
any  great  variation,  the  first  at  5500 
kw.  and  the  second  at  9800  kw.  High- 
pressure  steam  is  generated  at  365  lbs. 
and  200°  superheat.  There  is  available 
from     low-pressure     waste-heat     boilers 
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saturated  steam  at  165  lbs.  pressure. 
The  quantity  of  steam  generated  from 
these  waste-heat  boilers  varies  over  a 
wide  range. 

There  is  a  large  variable  demand  for 
process  steam  at  6  lbs.  absolute,  2  lbs. 
gauge,  and  165  lbs.  gauge,  and  a  small 
demand  at  30  lbs.  gauge.  All  of  the 
steam  used  for  process  work  is  contami- 
nated and  lost,  which  means  that  the 
bulk  of  the  boiler  feed  water  is  taken 
into  the  plant  at  a  temperature  between 
40°   and  60  °    F. 

To  meet  these  conditions,  a  combina- 
tion of  three  turbines  driving  a.c.  gen- 
erators proved  the  most  economical.  The 
first  is  a  3000  kw.  low-vacuum  unit  ex- 
hausting to  the  6  lbs.  absolute  process, 
with  automatic  extraction  of  process 
steam  at  2  lbs.  gau^e.  Steam  will  be 
extracted  from  this  unit  for  extreme  or 
emergency  conditions  only.  The  sec- 
ond and  third,  which  are  identical,  are 
5000  kw.  condensing  machines  operat- 
ing at  a  vacuum  of  28/^  inches  of  mer- 
cury. Each  turbine  is  designed  for 
automatic-extraction  or  mixed-pressure 
operation  at  165  lbs.  gauge  and  auto- 
matic extraction  at  2  lbs.  gauge,  with 
provision  for  bleeding  steam  at  30  lbs. 
gauge  from  an  intermediate  stage 
through  a  reducing  valve  or  into  a  dead- 
end heating  system.  The  mixed  pres- 
sure  feature  operates   to  use  up  the  ex- 


cess low-pressure  steam  during  the  pe- 
riods when  the  process  requirements  at 
165  lbs.  gauge  are  less  than  the  output 
of  the  waste-heat  boilers. 

In  addition  to  the  process  steam,  the 
boiler  feed  water,  which  includes  ap- 
proximately 100,000  lbs.  per  hour  of 
cold  water,  is  heated  in  three  stages  by 
extraction  from  the  turbines  along  the 
lines  of  the  so-called  regenerative  feed- 
heating  cycle. 

At  the  5  500  kw.  load  point,  the  3000 
kw.  unit  and  one  5000  kw.  unit  are 
operated.  At  the  9800  kw.  load  point 
all  three  units  are  operated. 

At  the  5  500  kw.  load  point  a  kilo- 
watt-hour is  produced  with  a  heat  con- 
sumption chargeable  to  power  of  4430 
B.t.u.  At  this  condition  the  flow  to 
condenser  is  little  more  than  enough  to 
cool  the  low-pressure  end  of  the  tur- 
bine. At  the  9800  kw.  load  point  a 
kilowatt-hour  is  produced  with  a  heat 
consumption  chargeable  to  power  of 
875  0  B.t.u.  The  increased  heat  con- 
sumption at  this  load  is  caused  by  the 
greater  flow  to  condenser  due  to  the 
fact  that  the  process  demands  do  not  in- 
crease with  the  increased  load. 

Heat  must  be  produced  to  carry  out 
the  processes,  and  the  necessary  power  is 
obtained  with  a  low  additional  heat  con- 
sumption per  unit  of  output. 
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Utilization  of  Extraction  Steam 

PART  3 

Bv  Reginald  G.  Standerwick 

Turbine  Engineering  Department,  General  Electric  Company,  West  Lynn,  Mass. 


This  paper  deals  with  the  methods 
of  regulating  flow  of  steam  through 
turbines,  with  particular  reference  to 
extraction  and  mixed-pressure  applica- 
tions. The  descriptions  given  apply  to 
the  General  Electric  Company's  3600 
r.p.m.  units. 

The  usual  speed-regulating  governor 
consists  of  a  simple  spring-loaded  fly- 
ball  governor  driven  from  the  main 
shaft  by  means  of  a  worm  gear  at  ap- 
proximately one-sixth  of  the  turbine 
speed.  This  governor  has  a  possible 
speed  range  of  from  about  500  to  75  0 
r.p.m.  and  a  tolerably  straight  line  char- 
acteristic between  these  extreme  points. 
The  governor  is  so  arranged  that  the 
speed  may  be  changed  over  a  wide  range 
by  hand  or  by  the  synchronizing  motor 
while  the  unit  is  in  operation.  This 
governor  controls  the  flow  of  high-pres- 
sure steam  to  the  turbine,  and  is  em- 
ployed in  the  full  line  of  turbines  which 
is  being  built  at  the  present  time, 
whether  they  are  for  straight  condens- 
ing operation  or  to  be  used  for  extrac- 
tion purposes,  so  that  the  machine  is  al- 
ways protected  against  over-speeding  by 
this  mechanism  or  some  slight  modifica- 
tion of  it. 

In  addition  to  this  speed-control 
mechanism,  there  is,  of  course,  the 
emergency  governor,  which,  if  the  tur- 
bine should,  bv  any  possible  accident  to 
the  governor,  exceed  the  speed  at  which 
this  control  mechanism  is  suoposed  to 
work,  will  limit  its  speed  and  entirely 
shut  the  steam  off  after  an  increase  of 
10   per   cent  of  normal   speed  value  has 


been  reached.  This  governor  is  a 
simple  bolt-type  emergency  governor 
mounted  directly  on  the  main  shaft  of 
the  turbine,  whose  action  is  to  imme- 
diately  close   a  quick-closing   v.-'.lve. 

The  next  in  order  will  be  the  sim- 
plest form  of  turbine  from  which  low- 
pressure  steam  is  obtained,  i.e.,  the  sin- 
gle or  multi-stage  back-pressure  turbine. 
Such  turbines  receive  steam  from  the 
boilers,  and,  after  utilizing  as  much  en- 
ergy as  is  av.iilable,  exhaust  steam  at 
anywhere  from  1  to  200  lbs.  pressure. 
The  pressure  in  the  exhaust  casing  may 
be  held  essentially  constant  by  the  use 
of  a  back-pressure  regulator.  This  reg- 
ulator is,  in  general,  in  the  form  of  a 
diaphragm  spring-loaded,  upon  one  side 
of  which  the  pressure  of  the  exhaust 
casing  is  applied,  moving  an  electric 
switch  which  operates  the  synchronizing 
motor,  thus  changing  the  relation  of  the 
valve  opening  to  the  position  of  the 
governor.  It  is,  of  course,  essential  that 
machines  so  regulated  be  caused  to  drive 
an  a.c.  generator  which  is  synchronizing 
onto  a  system  which  is  at  least  twice  as 
large  as  the  capacity  of  this  machine, 
the  rest  of  the  system  maintaining  the 
frequency.  In  this  way  the  high- 
pressure  valves  may  be  opened  and 
closed  by  the  synchronizing  motor  and 
essentially  constant  pressure  maintained 
in  the  exhaust. 

A  typical  curve  is  here  shown  (Fig. 
1),  the  lower  portion  of  w.hich  shows 
the  effect  obtained  when  operating 
with  hand  regulation,  and  the  upper 
portion     with     automatic     back-pressure 
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regulation    of    the    turbine.      This    was 
taken  in  a  large  industrial  plant. 

Next  to  the  straight  back  pressure  ma- 
chines, in  the  order  of  simplicity, 
would  be  machines  which  may  be  con- 
densing or  non-condensing,  but  from 
which  steam  may  be  extracted  from  one 
or  more  stages  without  the  use  of  any 
regulating  mechanism  within  the  tur- 
bine other  than  the  speed  control  which 
we  have  described.  When  steam  is  so 
bled,  it  is  either  taken  at  whatever  pres- 


be  extracted  from  various  stages  of  the 
turbine.  The  pressure  is  regulated  by 
the  opening  and  closing  of  a  valve 
which  is  interposed  between  the  ex- 
traction stage  and  the  following  stage. 
This  valve  takes  the  form  of  a  grid 
which  is  opened  or  closed  by  an  operat- 
ing cylinder  in  response  to  the  varia- 
tions in  pressure  in  the  extraction  stage. 
As  this  valve  gradually  closes  under  the 
action  of  the  piston  and  operating  mech- 
anism, the  flow  to  the  condenser   is  re- 


FiG.    1 — Comparison  of   Hand  and  Automatic  Pressure  Regulation  on   3000   Kw. 
Back    Pressure    Turbine 


sure  the  stage  pressure  happens  to  be, 
or  is  reduced  to  some  lower  pressure  by 
means  of  a  suitable  reducing  valve. 
Great  care  has  to  be  exercised  in  the 
selection  of  reducing  valves  which  are 
expected  to  work  in  conjunction  with 
the  regulating  devices  of  a  turbine,  and, 
in  some  cases,  it  has  been  necessary  to 
design  reducing  valves  for  the  partic- 
ular requirement. 

Then  there  are  those  machines  which 
are  automatically  pressure  regulated  and 
which  are  connected  to  a  condenser. 
Here  the  steam  at  various  pressures  may 


duced  either  to  take  care  of  a  condi- 
tion of  constant  extraction  v/ith  reduc- 
ing load  or  of  increased  extraction  with 
a  constant  load. 

This  closing  of  the  grid  is  ac- 
complished by  the  action  of  the  operat- 
ing cylinder,  which  is  steam  actuated  and 
is  of  the  double-acting  type.  The  posi- 
tion of  the  piston  of  this  operating  cyl- 
inder is  determined  by  the  position  of 
the  diaphragm,  on  one  side  of  which 
the  pressure  from  the  extraction  stage 
is  applied.  The  other  side  of  the  dia- 
phragm is  spring  loaded  with  an  adjust- 
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able  hand  wheel  to  vary  the  pressure. 
As  with  the  speed  governor  which  has 
been  described,  restoring  or  stabilizing 
mechanism  is  used  with  this  operating 
cylinder  to  prevent  over-travel  (Fig.  2). 
The  hand  wheel  may  be  replaced  by 
mechanism  operated  by  a  small  motor 
for  control  of  extraction  pressure  at  a 
remote  point.  It  is,  of  course,  in  this 
case  not  necessary  to  have  the  generator 
of  this  turbine  synchronized  to  the  sys- 
tem because  varying  loads  may  be  carried 
at  will,  the  balance  of  the  steam  not  re- 
quired by  the  extraction  line  being 
passed    to    the    condenser    automatically, 


load  changes  of  as  much  as  30  per  cent 
are  made  suddenly,  there  is  no  appre- 
ciable disturbance.  Steam  may  be  ex- 
tracted in  this  order  of  turbine  at  any 
pressure  from  1  or  2  lbs.  up  to  as  high 
as  200  lbs. 

There  are  occasions  when  it  may  be 
detrimental  to  have  even  slight  disturb- 
ances in  speed  of  the  unit  due  to  changes 
in  extraction  steam  demand,  or  varia- 
tions in  pressure  due  to  change  in  elec- 
trical load  demand;  and  to  overcome 
these  objections,  what  is  known  as  the 
triple-crank  mechanism  has  been  devel- 
oped.    In  this  way  it  is  possible  not  only 


Fig.    2 — Automatic    Extraction    Device    Equipped    with    Remote     Control    for 
Curtis    Steam    Turbine    Sets 


which  is  not,  of  course,  possible  in  the 
case  of  straight  back  pressure  units. 

Figures  3  and  4  show  the  results  ob- 
tained from  such  a  mechanism.  The 
first  curve  shows  pressure  regulation  ob- 
tained by  hand-reducing  valve  opera- 
tion, and  the  latter  the  improvement  ob- 
tained when  the  automatic  mechanism 
was  installed.  This  type  of  control  is 
known  usually  as  a  simple-extraction 
mechanism. 

There  is  no  attempt  made  in  this 
mechanism  to  prevent  slight  disturb- 
ances in  the  frequency  of  the  turbine 
due  to  varying  extraction  demand  or  of 
the  pressure  of  the  extraction  stage  due 
to  variation  in  electrical  load  demand. 
As  will  be  seen  from  the  various  slight 
disturbances  on  the  pressure  chart  where 


to  move  the  grid  valve  at  the  extrac- 
tion stage  so  as  to  regulate  the  pressure 
of  the  extraction  line,  but  at  the  same 
instant  to  move  the  high-pressure  valve 
in  an  opposite  direction  to  that  of  the 
grid  valve.  By  so  doing,  it  is  possible 
to  so  adjust  the  opening  of  the  high- 
pressure  valve  and  the  grid  valve  as  to 
maintain  the  pressure  in  the  extraction 
stage  with  a  change  in  extraction  steam 
demand  without  changing  the  total  en- 
ergy imparted  to  the  turbine.  Very 
large  variations  in  steam  demand  at  the 
extraction  point  can  be  taken  care  of 
with  essentially  no  change  in  speed  of 
the  turbine.  The  mechanism  will  ad- 
just itself  so  that,  upon  changes  in  elec- 
trical load  demand,  the  extraction  pres- 
sure is  but  very  little  affected. 
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Fig.     3 — Extraction    Pressure — Hand    Control    Extraction 

This   mechanism  will   also  permit  of  by  the  industrial  plant,  is  available.    The 

mixed-pressure   operation,    which    is,    of  turbine  will   automatically  operate  on   a 

course,    of   extreme    value    where    excess  maximum  quantity  of  excess  low-pressure 

low-pressure    steam,    over    that    required  steam  where  such  is  available,  economiz- 


FiG.    4 — Extraction    Prkssi  re — Simtie    Altomatic    Extraction 
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ing  on  the  high-pressujc  steam,  but  will 
automatically  maintain  essentially  con- 
stant speed  if  the  excess  low-pressure 
steam  diminishes,  by  utilizing  high- 
pressure  steam  in  place  of  it.  The 
quantity  of  excess  steam,  of  course,  is 
determined  by  an  increase  in  pressure 
in  the  extraction  line  over  that  at  which 
the  turbine  mechanism  was  adjusted  to 
extract.  With  the  form  of  mechanism 
used  on  the  more  recent  designs,  it  is 
possible  to  make  adjustments  to  get  the 
very  finest  pressure  and  speed  regulation 
obtainable    after    the    machine    has    been 


case  the  control  could  be  either  by 
steam  extraction  where  each  of  the  grid 
valves  is  moved  independently  by  its 
own  pressure-regulating  mechanism,  or 
the  two  grid  valves  and  the  speed  gov- 
ernor may  have  to  be  interlocked  so 
that  the  variation  in  steam  demand  from 
either  of  the  extraction  points  may  be 
varied  without  disturbing  the  pressure 
in  the  other  one  and  without  disturbing 
the  frequency  of  the  machine;  or  the 
electrical  load  may  be  changed  without 
disturbing  the  pressure  in  either  of  the 
extraction    stages.      To    accomplish    this, 


Fig.    5 — Condensing  Type  Curtis   Steam   Turbine   with   Two    Points  of 
Automatic   Extraction 


installed  in  the  customer's  plant.  This 
could  not  be  obtained  with  some  of  the 
earlier  types. 

Probably  the  latest  regulating  mech- 
anism on  a  turbine  is  that  which  not 
only  has  to  maintain  essentially  constant 
speed,  but  also  essentially  constant  pres- 
sure in  more  than  one  stage  of  the  tur- 
bine. In  accomplishing  this  two  grid 
valves  are  assem.bled  in  the  turbine. 
Here  steam  may  be  extracted  at  two 
widelv  varying  pressures,  say  100  lbs. 
from  an  early  stage  and  1 0  lbs.  from  a 
later  stage,  the  remainder  of  the  steam 
passing   off    to    the    condenser.      In    this 


much  more  intricate  mechanisms  are  nec- 
essary. 

In  laying  out  an  industrial  plant  in 
which  extraction  steam  has  to  be  used, 
it  is  very  necessary  that  careful  consid- 
eration be  given  to  the  types  of  steam- 
reducing  valves  if  they  are  to  be  used  in 
conjunction  with  the  automatic  devices 
of  the  turbine.  It  has  been  found  nec- 
essary in  some  instances  for  us  to  design 
and  build  our  own  power-operated 
pressure-regulating  valves  so  that  inter- 
ference between  the  reducing  valve  and 
the  turbine  mechanism  will  not  occur. 
Valves  of  this  kind  have  been  built  with 
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the  pressure  diaphragms  spring-loaded 
operating  a  pilot  valve  of  the  operating 
cylinder  which  moves  the  regulating 
valve.  In  some  installations  it  has  been 
necessary  to  provide  a  magnetic  device 
to  put  the  reducing  valve  automatically 
out  of  operation,  or  into  operation  upon 
the  accidental  disconnecting  of  the  back- 
pressure turbine  from  the  system.  It  is 
very  essential  for  thoie  having  charge 
of  the  layout  of  systems  to  be  sure  to 
study  the  action  of  the  various  regulating 
devices  in  order  to  steer  clear  of  what 
may  be  very  serious  interference. 

Besides  having  to  regulate  these  tur- 
bines as  extraction  machines,  we  have 
also  to  be  able  to  vary  their  speed  over 
very  wide  ranges  for  such  things  as 
variation  of  frequency  of  system  of 
sugar  mills,  water-works  pumps,  or  even 
turbine-driven  vessels.  Many  turbines 
have  been  built  in  which  the  speed  may 
be  varied  from  as  low  as  one-sixth  speed 
to  full  speed,  the  unit  being  able  to  car- 
ry at  any  of  the  speeds  from  no  load  to 
maximum  load  with  the  same  relative 
change  in  speed.  Even  in  this  case  the 
standard  speed  governor  is  not  dispensed 
with,  but  acts  in  case  of  over-speeding 
of  the  turbine  as  a  pre-emergency. 

Resides  being  required  to  vary  the 
speed  of  turbines  over  wide  ranges,  it  is 
sometimes  important  on  a  straight  speed- 
governing  device  to  obtain  an  absolutely 
constant  speed  over  full  power  range  of 
the  turbine.  This  is  accomplished  in 
a  mechanism,  which,  while  being  in- 
herently stable  and,  therefore,  having 
a  certain  small  degree  of  width,  becomes, 
after  a  short  interval  of  time,  absolutely 
isochronous.  Thus  its  speed  is  main- 
tained essentially  constant,  irrespective 
of  the  load. 

There  are  also  cases  where  it  is  re- 
quired to  hold  pressure  constant  within 
very  small  limits.  Such  mechanisms 
have  been  built  which  maintain   a  stage 


pressure  essentially  constant  with  very 
wide  ranges  in  steam  demand.  This 
pressure-regulating  mechanism,  while  be- 
ing inherently  stable  and  having  width, 
as  any  other  pressure-governing  device, 
in  a  short  interval  of  time  becomes  iso- 
dynamic. 

There  are  many  other  forms  of  reg- 
ulating mechanism  for  different  pur- 
poses, such  as,  for  example,  used  for  the 
control  of  turbine-driven  compressors, 
where  constant  volume,  constant  suction, 
or  constant  pressure  may  be  maintained 
on  the  intake  or  the  discharge  of  the 
compressor  by  controlling  the  speed  of 
the  turbine.  Such  control  mechanisms 
regulate  within  very  fine  limits. 

Conclusion 
In  conclusion,  we  wish  to  emphasize 
the  point  that  narrow  pressure  or  speed 
regulations  are  not  merely  dependent 
upon  the  design  of  the  governing  mech- 
anism. While  it  is  possible  to  design 
the  power  and  speed  of  the  high-pressure 
valve  mechanism  to  respond  satisfactorily 
to  the  maximum  possible  speed  varia- 
tions in  the  turbine  which  are  limited 
by  the  WR-  and  rotation  losses  of  the 
unit,  yet  when  it  comes  to  pressure  con- 
trol, the  equivalent  stabilizing  factors 
are  the  capacity  of  the  extraction  steam 
lines,  and  the  rate  at  which  the  demand 
of  steam  is  changed.  Under  certain 
conditions  it  is  possible  to  use  slow  types 
of  control  mechanisms  for  pressure  con- 
trol. Under  other  conditions  it  is  nec- 
essary to  use  most  highly  sensitized  types 
of  direct-acting  pressure  governors.  Even 
then  it  will  be  found  necessary,  in  order 
to  obtain  stability  of  pressure  in  small 
capacity  lines,  to  broaden  relatively  the 
pressure  regulation  in  terms  of  varying 
extraction  demands.  Therefore,  great 
care  has  to  be  exercised  in  deciding 
what  type  of  regulating  mechanism  is 
required. 
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Ernest  Pragst*:  I 
classify  the  industrial  plants  we  have 
been  discussing.  It  seems  to  me  that  we 
have  been  talking  loosely  about  them, 
whereas  a  better  understanding  can  be 
had  if  we  divide  them  into  character- 
istic groups,  convenient  to  the  engineer 
engaged  in  producing  the  power,  steam, 
etc.,  required  by  them. 

I  think  we  can  make  two  general 
classifications.  The  first  will  include 
those  plants  which  need  for  use  in  their 
processes  only  power,  and  which  must 
either  purchase  it  or  generate  their  re- 
quirements with  fuel  purchased  solely 
for  the  purpose.  It  has  been  my  ex- 
perience that,  in  general,  these  plants 
can  more  economically  purchase  than 
generate  their  power  where  large  cen- 
tral stations  are  present  in  the  district 
to   furnish   it. 

The  second  group  will  include  those 
plants  in  which  steam  is  used  for  process, 
or  where  it  is  available  as  a  by-product 
of  the  industry,  and  those  producing 
by-products  which  are  available  for 
steam  generation.  Only  after  a  detailed 
study  can  one  determine  whether  or  not 
power  should  be  purchased  or  generated 
for  the  plants  of  this  group. 

Now,  this  second  group  can  be  sub- 
divided still  further.  We  have  the 
plants  that  use  process  steam  at  pressures 
well  below  boiler  pressure.  In  them 
one  can  install  non-condensing  turbines 
when  all  exhaust  can  be  used  in  process 
work,  or  extraction  machines  when  the 
power  required  exceeds  that  which  can 
be  produced  by  the  process  steam.  An 
alternative  to  this  is  the  type  of  plants 
which  use  high-pressure  steam  for  proc- 
ess and  exhaust  it  at  approximately  at- 
mospheric pressure,  when  it  becomes 
available  for  power  generation,  bv  expan- 
sion through  low  or  mixed  pressure  tur- 
bines. This  is  an  uncommon  condition, 
but  I  include  it  because  I  have  met  with 
one  important  installation  of  the  type, 
which    has   been    very    successful.      The 
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should    like    to      case    in    question    is    a    large    locomotive 


manufacturing  plant  employing  numer- 
ous steam  hammers.  There  is  produced 
from  this  exhaust  steam  3000  kw.  A 
second  subdivision  under  this  group  in- 
cludes those  plants  where  by-product 
fuel  is  available  for  power  generation. 
Typical  examples  of  industries  of  this 
class  are  lumber  and  steel.  In  the  for- 
mer we  have  an  excess  of  waste  wood, 
and  in  the  latter,  blast-furnace  gas.  A 
third  subdivision  will  include  such 
plants  as  smelters  and  cement  mills 
where  waste  heat  is  available  for  power 
generation. 

W.  G.  SxARKWEATHERf:  Years  ago 
we  started  in  with  compound  engines, 
and  bled  the  receivers,  and  there  was  a 
control  valve  which  took  care  of  the 
regulation ;  then  came  the  low-pressure 
turbine,  and  the  whole  story  seemed  to 
be  low-pressure  turbines,  and  we  put  in 
a  lot  of  them  and  they  worked  success- 
fully, but  they  did  not  fill  the  entire 
bill.  Then  the  great  General  Electric 
and  Westinghouse  Companies  brought 
out  their  mixed  pressure,  and  mixed 
flow  turbines,  and  today  these  turbines 
should  be  called  the  "universal"  be- 
cause you  can  do  most  anything  with 
them — extract  low  pressure,  add  low 
pressure,  draw  off  at  any  stage  you  want, 
or  both.      They  are  marvelous  machines. 

The  question  arises  whether,  with  all 
this  intricate  mechanical  design,  these 
wonderful  applications  of  mechanics, 
with  mercury  columns  to  control  oil 
pressures,  pilot  valves,  springs,  oil  levels 
to  be  maintained,  etc.,  the  operating 
man  is  up  to  it,  and  whether  he  can  uti- 
lize the  facilities  that  the  General  Elec- 
tric and  the  Westinghouse  Companies 
off"er  for  application  to  his  needs.  Per- 
sonally I  do  not  think  the  usual  oper- 
ating men  are  quite  up  to  it.  I  know 
of  cases  where  mixed  pressure  turbines 
have  been  put  in,  and  not  used  as 
intended; — where  extraction  turbines 
have    been    put    in    and    no    steam    ex- 
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tracted,  and  they  say  it  is  the  fault  of 
the  operating  man.  So  it  is,  but  pri- 
marily he  was  not  up  to  it.  Now,  wheth- 
er he  can  be  educated  up  to  it  is  the 
question.  I  hope  he  can  be.  He  must 
be,  of  course,  if  he  is  going  to  maintain 
his  standing;  but  machines  are  not  grow- 
ing any  simpler. 

Pell  W.  Foster,  Jr.*:  There  is  one 
point  which  has  not  been  touched  upon, 
and  although  it  is  not  in  my  own  field,  I 
think  it  is  a  thing  which  should  be  con- 
sidered.        We    discuss    the    ways    and 
means    of    getting    steam    at    a    pressure 
which  is  suitable  for  use  in  process  work. 
We  have  not   discussed  the  question  of 
getting   the   foreman   in   charge  of  that 
particular  process  to  use  lower  pressure 
steam    than   he   has  been   using   for   the 
last  thirty  years.     Now,   that  might  be 
classified,   if  we    are    classifying,    as    a 
psychological    problem    rather     than     an 
engineering  problem.     But  I  think  that 
as    manufacturers    and    as    engineers    m 
these  mills  we  have  got  a  problem  right 
there.      In  other  words,  your  dye-house 
superintendent  has  always  used  100  lbs. 
pressure  steam  to  make  his  dyes.      They 
are  the  best   in  New  England,   unques- 
tionably.    But  if  you  want  to  give  him 
25    lbs.    pressure,    everything    is   ruined. 
Now,  I  think  you  all  have  run  into  that 
— I  know  all  salesmen  have.     The  sales- 
men   want    to    sell    something    which    is 
most  efficient  for  the  customer,  and  the 
plant  engineer   is  right  with   them,  be- 
cause   he    realizes    the    potential    saving, 
but    when    you    get    down    to    the    dye- 
house   foreman  he  may   not  agree  with 
you.      There  may  be  a  lot  to  say  on  his 
side  of  the  story,  but  after  all   it  is  an 
engineering   problem.      I    do   not    know 
anything  about  dyes,  and      I      probably 
never  will.      A  lot  of  us  do  not.      We 
all  know  this,  though,  that  if  we  put  a 
definite    amount    of    B.    t.    u.'s    into    a 
given  weight  of  water  and  dye  for  an 
hour,  a  certain  temperature  will   result. 
Whether    we    put    the    heat    in    with    a 
certain  weight  of  low-pressure  steam  or 


a  lesser  weight  of  high-pressure  steam, 
if  we  keep  the  B.  t.  u.'s  constant,  1 
think  the  cloth  is  going  to  be  the  same 
color  when  you  get  through  with  it. 

At  first  thought  this  may  seem  a  triv- 
ial point,  but  1  think  it  is  an  important 
factor.  It  is  up  to  the  engineers  in 
the  mills,  if  they  are  going  to  improve 
the  thermal  efficiency  in  their  plants,  to 
educate  the  men  who  are  in  charge  of 
the  process  somewhat  along  englneermg 
lines. 

1  would  like   to  tell   an  amusing  in- 
cident along  this  line.      I   happened  to 
be   talking   to   a    man    in    a   textile    mill 
about  this  question   and  he  said   it  was 
hard   to  get   the   local   dye-house   super- 
intendent to  fall  in  with  it.      He  put  m 
a  turbine  and  he  gave  his  dye  superin- 
tendent steam  at  25   lb.  pressure,  when 
he  had  been  in  the  habit  of  using   100 
lb.    pressure.      Something    went    wrong 
with  the  dyes  that  day,  and  the  super- 
intendent would  not  forget  it.     He  said 
either  he   was  going  to   leave  the  com- 
pany or  have    100   lb.   steam — that  was 
all  there  was  to  it.     The   man   in  par- 
ticular, as  I  understand  it,  is  one  of  the 
best  dye  men  in  New  England,  and  they 
would  rather  pay  twice  as  much  for  the 
steam    and   give   it   to   him   the   way   he 
wanted   it  than   to  make  a  small   saving 
and  lose  the  man  who  was  a  master  at 
that  particular  game.      He  had    a  pres- 
sure   gauge    on    the    line   which   showed 
the  pressure  of  the  steam  he  was  getting. 
A  valve  man,  however,  can  change  the 
pressure  gauge.   This  was  done,  and  this 
dve    house   today   is   using    2  5    lb.   pres- 
sure steam  with  good  results.     The  pres- 
sure gauge  still  reads  100  lbs. 

Mr.  Dickinson:  I  would  like  to  take 
one  minute,  if  I  may,  to  refer  to  Mr. 
Pope's  most  excellent  paper,  and  to  say 
that  we  would  like  to  discuss  the  use 
of  high-pressure  steam  but  have  con- 
fined ourselves  to  the  general  situation. 

So  far  as  turbine  design  is  concerned, 
it    is    verv    costly    to    make    a    1200    lb. 
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pressure  turbine.  It  can  be  done.  It  is 
purely  an  economic  question. 

Referring  to  Mr.  Starkweather's  re- 
marks, I  am  glad  those  points  were  raised, 
because  I  have  no  fear  of  the  future  at 
all — absolutely  none.  There  are  any 
number  of  operating  engineers  who  can 
give  us  cards  and  spades  on  handling 
their  machinery  and  showing  us  how 
things  ought  to  be  done,  and  the  whole 
thing  is,  as  Mr.  Starkweather  points  out, 
a  matter  of  co-operation.  It  is  quite 
possible  that  there  have  been  misappli- 
cations, and  in  any  case  where  a  turbine 
is  not  functioning  as  it  should,  it  is  SO- 
SO  as  to  whether  the  adjustment  is  a 
little  off,  the  operator  is  a  little  off,  or 
the  designer  a  whole  lot  off.  It  is  a 
matter  for  mutual  education,  and  that 
applies  to  the  mechanics  as  well  as  to 
thermo-dyn  amies. 

I  want  to  make  a  plea  for  exact  data. 
There  is  a  whole  lot  of  guess-work  in- 
troduced into  engineering.  Exact  data 
is  always  difficult  to  get  in  the  develop- 
ment stage  of  any  art,  because  the  man 
who  wants  it  does  not  know  exactly  what 
he  wants  and  the  man  who  is  making  it 
does  not  know  exactly  what  it  will  do. 
The  nearer  we  can  come  to  getting 
facts,  the  better.  We  have  numerous 
cases  of  special  apparatus  that  have  been 
an  unqualified  success  from  the  first. 
We  had  the  opportunity  to  do  the  neces- 
sary preliminary  engineering  for  these, 
and  the  machines  as  finally  designed 
and  built  differed  quite  materially  from 
what  was  originally  contemplated. 

Referring  to  the  last  part  of  Mr. 
Pope's  paper,  we  must  alwavs  have  in 
mind  the  economic  side  of  the  problem. 
As  engineers  we  must  guard  against  ex- 
penditures being  made  which  will  not 
return  a  proper  interest  on  the  invest-- 
ment.  The  interest  may  be  anything 
you  like.  It  may  be  dollars  and  cents 
or   it   mav  be   safetv.      The   installations 


under  discussion  are  expensive  and  they 
are  becoming  more  so.  An  increasing 
number  of  operating  engineers  are  ap- 
preciating the  gains  in  efficiency  that 
are  possible  by  going  to  the  use  of  steam 
at  higher  temperatures  and  pressures. 
The  equipment  necessary  for  the  use 
of  high-temperature  high-pressure 
steam  is  very  much  more  costly  than 
equipment  for  low-pressure  saturated 
steam.  The  cost  of  every  detail  of 
equipment,  as  pointed  out  by  Mr.  Pope, 
is  going  up  every  day,  and  it  is  a  very 
bad  thing  for  any  industry,  and  for  the 
advancement  of  engineering,  to  have 
uneconomic  installations. 

1  think  it  might  be  pertinent  to  ex- 
press a  thought  which  has  occurred  to 
me  occasionally,  and  that  is,  that  we  en- 
gineers should  bond  ourselves  together 
in  the  use  of  electricity.  Electricity 
is  being  used  to  such  an  increasing  ex- 
tent, in  so  many  and  diversified  ways, 
that  it  seems  quite  possible  we  will  ulti- 
mately see  some  of  the  larger  industries 
tie  in  with  some  of  the  public-service 
plants.  In  the  larger  industries  the 
power  plant  has  the  same  caliber  of  men, 
gets  the  same  treatment,  the  same  care- 
ful engineering  study,  and  the  same 
quality  of  management  as  the  public- 
utility  plant.  One  is  about  as  reliable 
as  the  other.  The  consequence  is  that 
they  can  tie  in,  can  interchan-ge  power, 
and  can  help  to  smooth  out  the  load 
factor.  When  all  is  said  and  done,  they 
realize  that  heat  and  electricity  are  the 
tools  which  we  are  using  to  work  with. 
Electricity  is  the  means  used  for  trans- 
ferring power. 

Looking  at  it  from  that  standpoint,  I 
think  we  will  find  many  cases  in  the 
future  where  there  will  be  good  co-op- 
eration between  the  industries  and  the 
big  public  utilities  to  the  advantage  of 
all. 
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The  Supply  of  Industrial  Power 
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This  paper  is  a  study  of  what  is  often 
the  largest  item  of  factory  expense,  that 
is,  the  power  plant.  It  is  an  attempt 
to  let  light  into  a  corner  shrouded  with 
mystery  for  the  office  man  and  some- 
thing often  considered  too  technical  a 
matter  for  much  factory  supervision  and 
control.  The  examination  of  an  indus- 
trial power  plant  should  be  based  on 
four  principles,  namely,  the  question  of 
its  suitability,  the  possibility  of  future 
enlargement,  its  proper  and  economical 
operation,  and  finally,  the  availability 
of  correct  and  continuous  operating 
data  and  cost  figures. 

If  the  power  requirements  are  small, 
the  modern  internal-combustion  engine 
or  a  motor  driven  by  central-station  elec- 
tric power  may  best  meet  the  needs  of 
the  factory.  Should  the  heating  load 
be  considerable,  the  steam  engine  with 
available  exhaust  would  probably  be 
more  economical.  When  there  is  a  large 
demand  for  process  steam,  the  modern 
high -back-pressure  turbine,  or  perhaps 
the  bleeder-type  turbine,  mav  prove 
best. 

The  question  of  suitable  boilers  and 
fuel  is  important.  Hand-fired  boilers 
operated  at  low  ratings  are  usually  in- 
efficient and  can  be  replaced  to  advantage 
by  modern  water-tube  boilers  operated 
at  higher  ratings  and  better  efficiencies. 

Coal  purchased  may  be  cheap,  but  if 
transportation  is  high  it  often  proves  to 
be  comparatively  expensive.  In  New 
England,  for  instance,  the  higher-priced 
and  better  grades  of  coal  usually  gener- 
ate more  steam  per  dollar  than  the 
cheaper  grades.  A  comparatively  low- 
priced  high-volatile  coal  must  be  burned 


with  much  excess  air,  resulting  in  ineffi- 
cient operation,  in  order  that  the  smoke 
may  not  exceed  limits  allowed  by  law. 
The  use  of  fuel  oil  and  pulverized  coal 
may  have  advantages.  Whether  or  not 
either  can  be  justified  is  a  matter  re- 
quiring careful  study  from  the  invest- 
ment and  operating  standpoints. 

A  well-considered  power-plant  pro- 
gram must  contemplate  enlargem.ent. 
Many  industrial  plants  are  poorly  laid 
out,  are  piecemeal  growths  of  many 
years  where  expediency  for  the  moment 
was  considered  above  all  else.  Such 
plants  are  often  enough  found  with 
small  boilers  of  different  types,  uneco- 
nomical steam  engines  scattered  about, 
sometimes  several  complete  power  plants 
located  in  different  corners  of  the  fac- 
tory yard  with  long  steam  mains  and 
transmission.  Consolidation  and  elec- 
trification in  such  cases  will  usually  pay 
satisfactory  returns  on  investment  and 
substitute  an  economical  plan  for  future 
operation  and  enlargement  for  a  hap- 
hazard method  of  generating  power. 

The  day  of  the  old-fashioned  en- 
gineer who  knew  very  little  of  theory, 
and  cared  less,  is  long  past.  The  cost 
of  fuel  is  too  high  for  indifferent  or 
careless  operation,  and  inefficiency  has 
too  great  an  effect  on  the  cost  of  produc- 
tion to  pass  unnoticed. 

No  factory  can  afford  to  neglect  care- 
ful supervision  of  labor,  raw  material, 
and  expense,  of  which  the  power  house 
often  makes  up  the  largest  item.  No 
power  plant  can  be  considered  as  oper- 
ating economically  unless  attention  is 
paid  to  the  matter  of  proper  combustion, 
excess  air,  stack  temperatures,  feedwatcr 
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treatment,  feedwater  heating,  return  of 
hot  condensate,  boiler-cleaning  program, 
best  point  of  rating,  suitable  refractories 
and  furnace  volume,  economical  trans- 
mission, proper  lubrication,  necessary  op- 
erating records,  and  all  the  modern  aids 
to  continuous  operation  at  the  highest 
possible  point  of  efficiency. 

No  power  department  is  well  oper- 
ated which  does  not  produce  regular  and 
understandable  data  on  power  operating 
efficiencies  and  costs  that  can  be  com- 
pared from  month  to  month  with  rec- 
ords of  similar  plants.  Operators  should 
be  made  to  realize  that  60  per  cent 
boiler  efficiency  is  poor,  that  costs  per 
thousand  pounds  of  steam  generated,  per 
engine  horsepower,  or  per  kilowatt-hour 
will  be  carefully  checked. 

Operating    Costs 

Figures  are  shown  in  Tables  1  and  2 
which  give  comparative  unit  costs  care- 
fully compiled  for  the  year  1924  from 
several  factory  power  plants  located  in 
different  parts  of  the  country.  The  se- 
lection was  made  to  show  plants  of  va- 
ried character  and  sizes.  These  tabula- 
tions indicate  a  cost  of  steam  averaging 
around  38  cents  per  1000  lb.  for  plants 
in  the  Middle  West,  49  cents  per  1000 
lb.  for  plants  in  the  New  York  district, 
and  5  7  cents  per  1000  lb.  in  New  Eng- 
land. 

Engine  power  per  horsepower-hour 
averages  2.19  cents  for  the  Middle- 
Western  group,  4.42  cents  for  the  New 
York  group,  and  5.54  cents  for  the  New 
England  group.  Generated  electric 
power  per  kilowatt-hour  averages  0.693 
cents  for  the  Middle-Western  group, 
2.81  cents  for  the  New  York  group,  and 
2.78  cents  for  the  New  England  group. 
Few  plants  have  water  power,  and  the 
cost  runs  from  0.66  cents  per  horsepower 
in  one  case  to  2.25  5  cents  in  the  other. 
Public-service  electric  power  per  kilo- 
watt-hour averages  1.86  cents  in  the 
Western  group,  2.73  cents  in  the  New 
York  group,  and  2.61  in  the  New  Eng- 
land group.  Assuming  that  all  the  mo- 
tive power  is  purchased  from  the  public- 


service  companies,  and  using  the  de- 
mand and  energy  rates  which  prevail  in 
the  districts  mentioned,  the  cost  per  kilo- 
watt-hour would  be  approximately  1.612 
cents  in  the  Western  district,  3.023 
cents  in  the  New  York  district,  and 
2.695  cents  in  the  New  England  dis- 
trict. 

In  all  these  cases  the  public-service  unit 
costs  are  made  up  of  the  cost  per  kilo- 
watt-hour at  the  bus  plus  an  operating 
charge  which  averages  around  33  per 
cent.  This  operating  expense  covers  the 
charges  on  the  investment,  operators' 
wages,  and  repairs  and  maintenance  of 
substation,  feeders,  and  motors. 

Table  3  shows  the  method  used  in  ar- 
riving at  the  comparative  figures  used  in 
the  tabulations.  The  object  in  present- 
ing these  figures  is  to  give  those  who 
have  the  problem  of  power  costs  under 
consideration  a  picture  of  what  is  being 
done  in  plants  of  varying  capacity  and 
character,  and  to  present  a  method  by 
which  definite  conclusions  may  be  ar- 
rived at. 

Economy  of  Operation 
Careful  supervision  over  productive 
labor,  the  goods  turned  out  by  the  fac- 
tory, and  the  general  matter  of  expense 
are  usual  and  understood.  Unfortu- 
nately, the  matter  of  power-plant  su- 
pervision is  often  considered  too  tech- 
nical for  control  except  in  a  very 
general  way.  The  operating  engineer 
receives  very  little  attention  in  many  in- 
dustries, and  indifference,  poor  operat- 
ing efficiency,  and  high  costs  often  re- 
sult. Many  smaller  power  plants  run 
along  in  ways  that  were  obsolete  years 
since,  and  many  factories  with  fine  build- 
ings and  excellent  machinery  shelter 
power  plants  with  scaled-up  boilers,  tubes 
covered  with  soot,  leaky  furnaces,  broken 
baffles,  engines  with  valve  gear  out  of 
adjustment,  hot  returns  thrown  over- 
board, and  similar  losses  which  run  on 
because  of  the  lack  of  a  little  under- 
standing and  supervision  from  the  office. 
No  modern  factory  can  afford  to  be 
without  the   instruments  which  indicate 
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T.ABi.E     1. — Industri.al    Power     Data 


Group 

Location 

Average  Na 

Employees 

Prod,  i 

NoM  Prod. 

Kind  Of 
Power  Used 

Annual 

Total 

Equivalent 

K.W.HOURS 

Total  Cost 

Power 
'Boilers  Not 
Included) 

Cost 

Per 

Equivalent 

K.W.HOUR 

Estimated 
Cost  All  On 

Pu8.StHVICE 
POKKER 

Central 
Group 

1. 

Indiana 

3t>ft 

ENCiNL20%W*T.Poyul43 
Sen.  Electric  11% 

Il'8f2"2ll 

lll"5ia.42 

.01005 

.oitet 

2. 

Ohio 

1203 

Ens  me  S% 

Pub.  SiRv.  Elect.  If '^ 

7'0lS'31S 

145724.11 

.0205 

i 

Illinois 

381 

Ensine  11% 

Pub.  serv.  Elect.  SI** 

2"87t500 

7J522.14, 

.02t25 

4: 

Michigan 

318S 

Eneinc  1%  eui.Ei.teTu; 
Pub.Serv.  Elect.  18% 

iisho'itn 

380'52472 

.oust 

.0145 

s. 

Indiana 

1052 

Ensine.  zVk 

Pus.  StRv.  Elect  77% 

S'iS'S'ili 

'?4'01fc.23 

.0ie25' 

.017 

L 

Maryland 

Geh.  Electric  100% 

11411 'OOO 

38725.00 

7. 

Penn. 

Geh.  Electric  ice*/. 

s'iia'ooo 

444i400 

i. 

Louisiana 

Gen.  Electric  160% 

<l"si8'ooo 

40'<?83.00 

N.Y.  City 
Group 

9. 

Nevi/  Jersey 

134,8 

Engine  3% 

PuB.StRV.  ElictTJX 

8'onooo 

227tW.20 

.0284 

10. 

Conn. 

328 

Encine  50%  Gen.  Elects} 
Pub  Serv.  Elect.  47> 

(O'l4307fl 

l8S'2l7.t5 

.0183 

.01785 

II. 

New  Jersey 

343 

Engine  jrxeEN.ELEcT  51 
Pub.  Smv.  Elect  M7. 

420447 

a5'33l.05 

.0557 

.0421 

New  England 
Group 

12. 

Mass. 

list. 

Emsine  i% 

Pub.  StRv.  Elect  17% 

s'iii'ooo 

)34'212.8t 

.0254 

15. 

Conn. 

300 

ENaiNe4l%V«ATPow.25;i 
GCN.ELECT  l}X?UI.SetK2ll 

(■t<?7'4tfc 

^■4488. 47 

.0321 

.02ti8 

14. 

R.I. 

il3 

EN61NE  1% 

Pub.  Serv.  Elect  11*/. 

5'847'5<?8 

111457.85 

.021 

IS. 

R.  1. 

•in 

Engine  24% 

Pub.  Serv.  Elect  7t% 

5'84J'000 

I02'710.23 

.02(.7 

.0324 

\L 

Mass. 

5150 

EngineSO% 
Pub.Serv.  Elect  20% 

2  to  1  025 

. 

.0275 

n. 

Mass. 

285- 

Pub.SehviElecti»o% 

41  '358 

2'077.00 

.0421 

.0421 

la 

Mass. 

1050 

Gen.  Elect  8i7' 
Pu&,Serv.  Elect  14% 

r214776 

2r5tt.75 

.oin 

.022 

\9. 

Conn. 

1545 

PubServ  Elect  100% 

//■ttsooo 

208'80'J.(7 

.01772 

20. 

R.I. 

151 

Engine  S'i>%  eEN.EL£CT.4* 
PubServ.  Elect  40% 

r07l778 

31 '271.12 

.0(82 

.051 

ai. 

Mass. 

3700 

Pub.  Serv.  Elect  100% 

siaot'ooo 

ilioisoo 

.0125 

22. 

Mass. 

Cen.  Electric  100% 

1,' Lit  000 

57117.00 

.01343 

Note: 

Next  To  Last  Column-  Cost  Per  Equivalent  K.W  Hour  Means  Cost 
or  All  Classes  Of  Power  As  At  Present  Divided  By  The  Equivalent 
K.W.  Hours. 
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T.ABLE     2 — Industrial     Power     Data 


Group 

Location 

Average.  No. 

Employees 

Prod.  8c 

Non  Prod. 

Kind  Of 
Power  Used 

Unit  Costs  For  Power  1924      1 

STEAM 

Per  1000 
Pounds 

Engine 
Power 
H.  P.  Hour 

Senerateii  Water 
P0>NER       PowitR 
K-W.HouR  H.RHOUR 

Public* 
Service 
K-MHouR 

Central 
Group 

I 

Indiana 

3(>8 

:NfclN£2«%WAT.Po«lt4% 
kjEM.  ELE.CTRIC  tt7« 

.3\h 

.0115 

.00885 

.OOkb 

2. 

Ohio 

1202 

Engine  S'I. 

Pufc.SERMELtCT.IS'/. 

.327 

.0417 

.01122 

3. 

ILLINOIS 

381 

Enqine  11% 

Pub.  SEHV.ELE.CT.  81/4 

.4111 

.05 

.0221 

4-. 

Michigan 

i<\iS 

ENSiNcUfiM.  Elect.  Lkl 
Pub.  SERY.  ELECT.  28% 

.37* 

.0111 

.00114- 

.01453 

s. 

Indiana 

1032 

Enqine  23% 
Pub^Serv.  elect  77% 

.3843 

.0153 

.0177 

L 

Maryland 

Cen. Electric  loo7. 

.00437 

7. 

Penn. 

Gen.  Electric  (00% 

.com 

8. 

Louisiana 

Gen.  Electric  100% 

.00JJ7 

N.Y.  City 
Group 

9. 

New  Jersey 

I3t>8 

Ensine  }% 

Pub.  Serv.  Elect  "0% 

.412 

•otti 

.0253 

10. 

Conn. 

328 

Ensike  «%Ce>(.  Elect  47. 
PuiSERY.  Elect  47% 

.31ft 

.011-5 

.0312 

.0112 

II. 

NEW  Jersey 

343 

ENsmE3l7»GcN.ELCCT  SX 

Pu^SElIyELtcTl4'/. 

.toi 

.0515 

^Ifc15 

.0403 

New  Enqland 
Group 

\z 

Mass. 

1131. 

Enqine  37i 

Pub.  Serv.  Elect  17% 

.5140 

.0fc44 

.01755 

13. 

Conn. 

300 

Engine  4i;l  wax  Pow.  IS'J. 
6ttt  Elect  i57.  P>ra.3tR»2lTi 

..5550 

.0386 

.025 

.02255 

.0272 

14. 

R.I. 

1.13 

Engine  1% 

PuB.5ERV.ELEa.  11% 

.5700 

.121 

.0214 

15: 

R.  1. 

in 

Engine  24% 

Pub.  SERv.  Elect  1i% 

.521.0 

.0352 

.0214 

IL 

Mass. 

3150 

Enqine  80% 

Pub,  serv.  elect  io% 

.kiS 

.0287 

.0204 

n. 

Mass. 

Z8S 

Pus.  SERv.  Elect  l»o'/i 

.0421 

18. 

MASS. 

1050 

CEN.  Elect  ek% 
Pub  SERV.  Elect  (47. 

.s^o^ 

.0318 

.0331 

19. 

Conn. 

1545 

Pub.  SERV.  Elect  IW7. 

.5741 

.01712 

Zo. 

R.I. 

151 

ENaiNEitV.  GtN.  elect47i> 
Pub.5ervEuct40% 

.5420 

.0Z4fe 

.042 

.0344 

21. 

MASS. 

3700 

PuK.  Serv  Elect  100% 

-532 

.0125 

22. 

MASS. 

6EN.  Electric  IooV. 

.0017 

Unit  Cost  Of  Public  Service  Power  Includes  Public  Service  Bills,  Plant 
Operation,  Repairs  And  Maintenance  Of  Apparatus,  Feed  Lines,  Etc., 
Depreciation  And  Insurance  Charges.  Usually  Equals  Public  Service. 
Charge  Plus  20  To  30%  (average). 
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what  is  going  on  in  the  power  plant  and 
which  will  turn  their  messages  of  char- 
acter of  daily  operation  into  the  office 
continuously.  There  will  be  financial 
loss  if  the  stack  temperatures,  excess  air, 
COo,  draft,  proper  rating,  and  coal  and 
water  consumed  are  allowed  to  run  along 
unchecked  and  unnoticed. 

If  no  attention  is  paid  to  the  matter 
of  feed  water  treatment  and  boiler  scale, 
it  will  be  found  expensive.  Many  a 
boiler  steams  along  with  an  eighth  or  a 
quarter  of  an  inch  of  scale  on  its  tubes, 
using  perhaps  25  per  cent  more  coal 
than  is  necessary.  Many  an  engineer 
follows  the  obsolete  scheme  of  dosing 
the  boilers  with  a  compound  sold  him  by 
some  irresponsible  salesman  at  high  cost 
and  little  result.  The  modern  engineer 
uses  the  up-to-date  scheme  of  analyzing 
his  raw  water  frequently,  testing  his 
steaming  boilers  for  alkalinity  and  chlo- 
ride, and  works  under  the  supervision  of 
some  reputable  feedwater  engineer  or 
specialist. 

An  economical  operating  engineer  will 
see  that  a  regular  schedule  of  boiler  in- 
spection and  cleaning  is  carried  out.  He 
will  arrange  to  have  boilers  off  the  line 
at  stated  intervals,  and  while  he  looks 
after  the  details  of  the  work,  will  expect 
a  certain  amount  of  supervision. 

The  lubrication  of  shafting  and  en- 
gines and  the  reduction  of  friction  load 
are  all  matters  which  can  receive  atten- 
tion with  profit.  Most  oil  concerns  are 
glad  to  have  their  engineers  examine  anv 
plant,  and  make  a  detailed  report  as  to 
conditions  found.  It  is  seldom  that 
such  an  examination  and  report  does  not 
reduce  unnecessary  friction  load,  quan- 
tity of  oil  and  grease  used,  eliminate 
unsuitable  lubricants,  and  save  money. 

Turbines  with  eroded  and  broken 
blades,  condenser  air  leaks,  reduced 
speed,  poor  power  factor,  and  wet  or 
improper  steam  supply  build  up  expense 
and  coal  consumption  imperceptibly  but 
rapidly.  These  things  cannot  be  detect- 
ed on  the  instant,  but  regular  observation 
of  power  records,  frequent  visits  to  the 
power   plant,   occasional   judicious  ques- 


tions, and  an  interest  in  the  power  ma- 
chinery will  pay  large  returns  in  the 
long  run.  A  little  supervision  will  make 
a  good  engineer  better,  and  if  the  man 
in  charge  is  a  poor  engineer,  this  will 
become  evident  all  the  sooner.  Many 
an  inefficient  operating  engineer  who  has 
lost  interest,  and  who  is  too  dull  to 
learn,  is  being  retained  in  his  position 
for  sentimental  reasons,  with  everv  one 
concerned  seemingly  unaware  that, 
should  the  company  double  his  salary, 
purchase  him  a  mahogany  desk,  and  pro- 
mote him  to  a  high-titled  sinecure  in  the 
office  well  removed  from  the  power 
plant,  and  where  he  could  do  no  harm, 
there  would  be  much  money  saved. 
Minute  waste  of  material  in  process  in 
the  factory  is  noted  and  checked,  but 
in  the  same  factory,  often  enough,  there 
will  be  a  large  waste  of  expensive  fuel, 
sho\eled  at  will  by  ignorant  firemen  into 
boilers  unfit  for  service.  A  1000-hp, 
boiler  plant  operated  at  60  per  cent 
efficiency,  as  is  too  often  the  case,  which 
might  just  as  well  operate  at  75  per  cent 
efficiency.  Is  costing  from  fifteen  to 
twenty  thousand  dollars  of  unnecessary 
money  annual  1  v.  The  chart  given  In 
Fig.   1    Is  helpful  In  this  connection. 

Power-Plant  Operating  Records 
Continuous  operating  efficiency  can- 
not be  obtained  from  the  power  plant 
without  some  definite  system  of  record- 
ing performance  and  costs.  Power-plant 
records  ordinarily  vary  In  completeness 
from  a  much-thumbed  book  containing 
weights  of  coal  delivered,  to  more  or 
less  elaborate  sheets  on  which  are  re- 
corded miscellaneous  facts  interesting  to 
the  operating  engineer  alone  and  which 
lead  nowhere.  Few  such  records  are 
helpful  in  determining  whether  or  not 
the  plant  is  being  operated  in  a  rea- 
sonably efficient  manner.  The  usual 
recourse  In  such  cases  is  to  employ  an 
outside  engineer  to  make  an  examination 
of  the  plant  and  a  short  and  elaborate 
series  of  tests  which  determine  more 
often  what  might  be  done  under  favor- 
able    circumstances     rather     than     what 
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actually  is  done  from  month  to  month. 
Such  examinations  and  reports  have 
their  value,  but  more  necessary  is  some 
regular  and  continuous  method  of  re- 
porting data  that  will  give  ar  definite 
relationship  between  performance  and 
cost  which  can  be  compared  from  month 
to  month,  and  with  outside  sources 
of   information.      Such   a  report   should 


of  such  reports,  perhaps  covering  per- 
formance for  several  years,  information 
will  be  available  which  will  show 
whether  the  power  department  is  forg- 
ing ahead  or  losing  ground  in  operating 
efficiency.  Faced  with  the  necessity  for 
enlarged  capacity,  replacement  of  obso- 
lete units,  or  the  possibility  of  turning 
to  purchased  electric  power,  the  manage- 


The.se.  Curve-s  CuostLY  APPR0XIM^TE.  The 

OPERATiNft  Cost  Of  A  Boiler  Plamt  Rated 

At  1000  Boii-ER  H.P. 

Data  Was  Obtained  From  The  I»24-  Monthly 

Power  Reports. 

From  These  Curves  The  Gain  Or  Loss 

Resulting  From  Operating  Boilers  At 

Different  Efficiencies  Can  Be  Estimated. 

The  FoLLOwiHQ  Average  Boiler  Plant  Efficiehcie6 

Should  B*  Expected  In  Regular  Operation  Based 

On  24  Hours  Per  Day  And  7  Days  Per  Week. 

Oil  Fired  Plants  74% 

STOKER  Fired  Coal  Plants  7t% 

All  Hamd  Fires  48% 

TMiBt  CuRvts  And  Th«  Data  Aai  Apri^oinATe 

Omuy  APfLTiNO  To  A  Particular  Shoup  Of  Fact«h» 

Power  Plamtb.  The  Stoker  Plants  Ari  Maiuly 

Ik  The  Middle  West.  The  Fuel  Oil  Plants 

Are  In  New  England  Akd  The  Hahd  Fired 

Plants  Mostly  In  New  England. 


ILL  Hand  FiRCB 
FuglOil 


Fig.    1 — Boiler  Efficiency   and   Operating   Expense 
(Estimated    from   Power   Report    data,    1924) 


give  the  ratio  between  cost  and  power 
and  pounds  or  quantity  of  goods  pro- 
duced. It  should  contain  such  units  as 
the  cost  of  steam  per  thousand  pounds, 
evaporation  per  pound  of  fuel,  engine 
power  per  horsepower  hour,  electric 
power  per  kilowatt-hour,  etc.  Enough 
operating  data  s-hould  be  recorded  so  that 
the  report  can  be  checked.     With  a  series 


ment  has  operating  costs  and  data  which 
will  help  determine  the  course.  Any 
association  of  power-plant  engineers,  to 
derive  maximum  benefit  from  their 
meetings,  must  have  some  comprehensive 
form  of  continuous  power  report  which 
will  allow  comparison  of  performance 
data  and  costs. 
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Monthly  Power  Reports 

Industrial  companies  operating  several 
plants  have  found  it  advantageous  and 
necessary  to  inaugurate  monthly  power 
reports  for  the  reasons  mentioned.  One 
corporation  operating  several  plants  lo- 
cated in  various  parts  of  the  country 
has  used  such  a  system  of  reports  with 
beneficial  results  for  several  years.  Such 
a  report  is  shown  as  Fig.  2.  It  will  be 
noted  that  the  monthly  power  report 
shown  is  largely  financial  in  character, 
with  sufficient  operating  data  so  that  it 
mav  be  checked  and  power  loads  com- 
pared. Part  of  the  recorded  data  come 
from  the  accounting  department,  where 
certain  ledger  accounts  are  broken  down 
in  such  a  manner  as  to  make  the  collec- 
tion of  the  necessary  figures  convenient. 
The  remainder  of  the  data  come  from 
the  chief  engineer's  records.  The  re- 
port is  made  up  usually  by  the  plant 
engineer's  assistant,  although  in  many 
cases  the  chief  engineer  may  attend  to 
it.  The  amount  of  labor  involved  in 
making  up  such  a  report  is  not  excessive, 
as  the  basic  facts  are  kept  in  some  form 
or  the  other  in  practically  all  power 
plants  of  any  size,  and  the  time  em- 
ployed is  well  expended  on  the  part  of 
the  operating  stafi'.  The  definite  knowl- 
edge of  the  results  of  his  operation  and 
the  costs  of  power  generated  tend  to 
make  the  operating  engineer  more  at- 
tentive to  his  duties  and  more  interested 
in  getting  the  best  possible  results.  The 
fact  that  the  report  is  to  be  scrutinized 
bv  the  manager  and  compared  with  pre- 
vious reports,  or  possibly  reports  of  other 
plants  in  the  same  system,  keeps  him 
alert  to  economy  of  operation.  He 
knows  that  his  operating  efficiency  is 
usually  charted,  and  that  any  falling  off 
will  be  the  subject  of  inquiry.  Such  a 
system  of  continuous  power  reports  will 
save  thousands  of  dollars  annually,  and 
few  plants  are  too  small  for  something 
of  the  kind. 

The  details  of  such  a  monthly  power 
report  as  the  one  shown  are  readily  un- 
derstandable and  very  little  explanation 


is  required.  It  is  intended  to  be  com- 
plete enough  to  give  a  true  picture  of 
the  operation  as  a  whole,  and  is  designed 
to  be  broad  enough  to  cover  plants  with 
several  classes  of  power  apparatus,  and  at 
the  same  time  definite  enough  so '  that 
the  unit  costs,  such  as  fire-room  labor, 
for  instance,  can  be  compared  with  those 
of  other  plants.  The  item  of  overhead 
expense  or  charges  is  one  that  perhaps 
requires  the  most  study,  and  a  method  is 
shown  in  Fig.  3  which  is  used  in  many 
industrial  power  plants  to  distribute 
such  expense  as  the  proper  proportion  of 
the  plant  engineer's  salary,  the  chief 
engineer's  salary,  depreciation  of  build- 
ings and  machinery,  insurance,  taxes, 
etc. 

Accuracy  of  Operating  Data 

The  majority  of  industrial  plants 
keep  power  records  of  some  kind,  but 
another  phase  of  the  matter  is  too  often 
overlooked,  namely,  accuracy  of  data. 
If  the  coal  scales  are  incorrect,  and  the 
feedwater  meter  reads  fast,  the  whole 
basis  of  costs  will  be  wrong.  Venturi 
meters  have  been  found  reading  fifty 
and  even  a  hundred  per  cent  more  than 
thev  should  because  of  scale  in  the 
throat.  Fuel-oil  meters  are  seldom  ex- 
actly correct,  and  steam-flow  meters 
need  calibration.  The  same  is  true  of 
pyrometers,  wattmeters,  and  all  classes 
of  power-plant  instruments.  No  boiler 
plant  should  be  considered  complete 
without  weigh  tanks  with  which  the 
feedwater  meters  can  be  regularly  and 
conveniently  checked.  Such  apparatus 
may  consist  of  a  pair  of  drums  with  a 
leveling  pipe  between  them,  holding  a 
known  weight  of  water  at  a  certain  tem- 
perature and  emptying  into  a  con- 
veniently placed  suction  tank,  or  it  may 
consist  of  a  large  tank  holding  enough 
for  several  hours  or  a  day's  run.  In 
such  tests  correction  must  be  made  for 
temperature,  and  the  flow  must  be  con- 
tinuous through  the  meter.  Check  tests 
of  this  character  should  be  made  reason- 
ably often,  from  once  a  month  to  per- 
haps a  minimum  of  once  a  quarter,  de- 
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MONTHLY  POWER  REPORT 


PI  AMT      St.  Jo 


.  nf  ATFn   Indiana 
Mr.NTn        January 


PRODUCTION  DATA 

Pcmii  at    Goods   P'oaucKi. ilDl  9ii 

Total  Coal  hutnoJ  Bituw.  4P^^7 P»r  Ct./22-Co«  Mine 

ToUl  Co«l  RuTTied  Anth Pct  Ct Cost  Mm* 

TotSi  Oil  Rume4  6blj ,^Sp«'rfic  Grlvity 

Coit  «t  all  Pow.r a?  ^5t.ii 


Cost  of  all  Power  from  Accts. iq  821.48 

Cost  of  all  PowtrpCT  Pound  Goods  Produced 

OPERATING  DATA 

Factor  o1  EviporatioT. ).  Of  ■?    &    IXIi 


11-    Temptratut*  Wat«  Enttrnvg  Ecotiomiter,  Av»ra«« 

FEED  WATER  DATA 

Grains  per  Gal.   CarfaaTi^lj^         li  Sul|>hat« 


—  Pounds  Raw  Material  Us<d 

Jz£0 Ftt.  '-^fc     Handlme-iiS- 

.Handlmg. 


-Total. 
—Total. 


3.4-8      B  T  i|.    I'lH 


_Cost   Odivettd. 


OIL. 


.Sain«  Leas  Char|es 

_Tot«l   Man    Hours,  Productive : 

_P»r  Pound  of  Row  Material  Used. 


2l'f)t.?7 


.B.  T.  U.. 
_B.  T.  U._ 


.Per  M««    Hour    ■S'ib 


TempetaluTe  Outride  Air,  Average— 
Temperature  Flue  Gas,  Average. 
Steam   Pressure   Gauje,   Av«aje_ 


ll 


St  I 


.Pounds  Total  Equivalent  Evaporation. 

.Average  Barometer  Reading 

.  Degrees  Superheat.  Average 

.Feed  Tern^erature  Fahr.,  Average 


>18 


_Tempei»tuTe  Raw  City  Water,  Average S0_ 


Chemicals  Used  for  Tr,.>»^r  Caustic  Soda 


Sk  Alkalinity  Carried ±L. 

.Total   Pounds  for  Month— 


-Chloride  Cirried_jLl±_ 


IS  SMine.   3oi.. 


POWER  DATA 


A     Av.r.ge  Boiler  Load — iAl 
B    Lbs.  Evap. -JZl^llilL 


C    Evap  porlJoooB.T.  U.iill- 
0    Evap.  per  Lb.  Fuel 3ill_ 


£    E<iuiv   Evap.  F.  i  A.2Ul*t4 

F    Boiler   Efficiency 76} 


C    Overall  EfficieBcj_fl2iA_ 


COST   ITEMS 


1.  Tot.  Cost  Boiler  Fuel- 

2.  Other  Operafg  El  p.* 

3.  Boiler  R-m  Aullliaries* 

4.  ToUl  Repairs 

5.  Charges 

6.  Total  Cost 


COST  AMOUNTS 


Other  than  Labor 


I  303. 11 


IS  S8').I0 


/  SOS 


UNIT  COSTS 

Sinn 


Fuel 

F.B.  Labor 

Supplies 

B.  R.  Aux. 

Hisairs 

Charges 

ToUl 


■  OOt 
.001 
.Oil 


MAIN  ENGINES 


H    Average  Load  H.  P. —lai- 
/     Steam  per  H.  P.  Hour 4L 


7    ToUl  H  P  n.,.>^     5't^'3i0 


7.  Cost  of  Stean  Used 

».  Other  Operat'g  Exp  ' 

9.  Tutal  Repairs 

10.  Charges 

U.  Total  C.it 


3  54-8.SI 


3t.8.08 


ji.aa 


4 1?.  31 


4  0  8.t5 


Si  LSI 


77t.73 


504.14- 


Main  Engine 
Power  Par 
I.  H.  P.  Hour 
.0084i^ 


4  032.27 


AUXILIARY  ENGINtS 


H     Average  LojdH.  P.  _i44 

t     Steam  per  HP.  Hour_2±__ 
M   Total  H-  P-  H«.r.     122313 


12.  Cost  of  steam  Used 

13.  Other  Operat'g  Exp.' 
U-  Total  Repairs 

16.   Charges 

It  TeUI  Cost 


6X1.14 


4  80S. 
82?. 


2.04 


^1.13 


Auxiliary  Englna 
Power  Per 
H.P.  Hour 
■  0O47 


ZI1.2S 


*>  31.42 


ELECTRIC  GENERATORS 


AverageOutput  K- W. 
Steam  perK.  W.  Hour. 


ZS 


P    Total  K.W.  HouTs_874534. 


PURCHASED  ELECT.  POWER 

Q.    Average  Load  K.  W 

*    ToUl  K.  W.  Hours 

S    Average  Power  Factor. 


IT.  Cost  of  Steam  Used 

11  Other  Operat'g  Exp.' 

15.  Total  Repairs 

J».  Charges 

11.  Total  Co 

i».  Tot.  Pub  Service  Bills' 

W.  Other  Operat'g  Exp.  • 

i*.  ToUl  Repairs 

ss    Charges 

it  Total  Cost 


fc  £^k77 


&'1.4i- 


43.U 


l72..yo 


78.7f 


I   122.87 


k  »<..77i 
2t.3.07 


isi. 


31 1. 13" 


7  482.01 


-Uli- 


Generated 
Electric  Power 
Per  K.  W.  Hour 
.OO'i 


T  e73.1t. 


WATER  POWER 


r    Average  Uad  H.  p.  _!A4. 


U    Total  H.  P.  Hours_MO.tli. 
f    Hours  Operated tOI 


11.  Cost  lor  Water* 
J».  Other  Operafg  Exp. 
29.  Total  Repairs 
50.  Charges 
31.  Total  Cost 


Distribution  ind  Use  of  all 
Liva  Stiarn  Geaeratcd  in 
Thousands  of  Pounds  for 
Month. 


(a)  Total  Live  Steam  Used  for  Po 

(«  Total  LivaStoira  Used  for  Auxiliaries 

(c)  Tetal  Live  Steam  Used  for  Heating 

W  Total  Live  Steam  Used  for  Process  Work 

(e)  Total  Live  Steam  Used  for  Losses 

(n  Total  Live  Steam  UsedCsoe  Section  2,  Item  B). 


Total  aoMM'«an4  Ma>nte««nec  < 


Signed 


Fig.    2 — Monthly   Powkk    Rktokt 
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pending  on  the  character  of  the  plant. 
Fuel-oil  meters  should  be  tested  fre- 
quently   in  the   same   manner. 

Coal  scales  should  be  checked  with 
standard  weights  and  care  taken  that 
they  are  swinging  freely  on  their  knife 
edges  with  no  coal  dust  and  dirt  in  the 
way.  Steam-flow  meters  should  check 
reasonably  well  with  feed  meters,  and 
the  matter  of  blowdown  should  receive 
careful  attention.  Many  operators  at- 
tain high  boiler  efficiencies  due  to  the 
fact  that  they  neglect  to  deduct  the 
blowdown.  The  matter  of  coal  testing 
is  important.  The  operator  needs  to 
know  that  he  is  getting  the  most  suit- 
able fuel  for  the  large  amounts  of 
money  expended.  All  coal  looks  more 
or  less  alike,  and  the  heat  units  con- 
tained in  it  cannot  be  seen.  It  is  also 
important  that  the  engineer  know  the 
thermal  units  in  the  coal  that  he  may 
calculate  his  boiler  efficiency  correctly. 
The  operating  engineer  may  be 
struggling  with  the  smoke  problem,  un- 
aware that  he  has  coal  of  excessively 
high  volatile  content,  which  a  test 
would  reveal.  All  power-plant  instru- 
ments should  be  checked  regularly  so  that 
their  records  may  be  true  ones  and  the 
engineer  mav  have  accurate  information 
on  which  to  base  his  reports,  and  to 
guide  him  in  the  operation  of  his  plant. 

Aids  to  Economy 

There  are  many  schemes  which  are 
used  with  more  or  less  success  to  keep 
before  those  interested  the  operating 
status  of  the  power  plant.  Probably  the 
simpler  the  scheme,  the  greater  its  suc- 
cess. If  some  sort  of  gage  could  be  de- 
vised which  would  record  boiler  operat- 
ing efficiency  on  a  moving  chart,  it 
would  be  of  great  value.  Perhaps  the 
best  substitute  is  a  monthly  efficiency 
and  evaporation  chart  like  that  shown  in 
Fig.  4.  Such  a  chart  shows  the  tend- 
ency, whether  to  improvement  or  to  a 
falling  off  in  efficiency. 

There  are  public-service  stations  in 
which  operating  data  are  regularly  as- 
sembled,   figured,    checked,    and    results 


in  the  hands  of  the  chief  operating  en- 
gineer within  two  hours  of  the  time  the 
instruments  are  read.  There  are  plenty 
of  industrial  plants,  however,  where  a 
"yearly  check-up"  is  considered  good 
operation. 

Many  factory  offices  are  provided 
with  recording  flow  meters  and  steam 
gages  so  that  load  changes  can  be  fol- 
lowed as  a  matter  of  interest.  A  chart 
covering  fluctuations  of  boiler  efficiency 
and  evaporation  carefully  plotted,  cover- 
ing a  year  or  two  with  fair  degree  of 
accuracy,  has  far  greater  possibilities 
when  it  is  considered  from  the  stand- 
point of  money  saving.  Many  operators 
have  difficulty  in  appreciating  the  effect 
of  boiler  efficiency  on  the  use  of  coal 
and  the  factory  expense.  A  curve  sheet 
like  that  shown  in  Fig.  1  will  often 
assist  in  the  promotion  of  plant  economy. 

Simple,  inexpensive  schemes  like  that 
shown  as  Fig.  5  may  be  devised  to  keep 
the  more  or  less  non-technical  manage- 
ment in  touch  with  what  is  going  on  in 
the  power  plant  and  help  it  to  differ- 
entiate between  good  work  and  poor 
results. 

Where  it  is  possible,  valuable  com- 
parison can  be  made  between  a  number 
of  plants  in  the  same  system,  or  through 
co-operation  between  plants  in  the  same 
neighborhood  or  between  the  plants 
operated  by  the  members  of  some  as- 
sociation of  plant  engineers,  as  is  not 
unusual.  Such  comparisons  tend  to  in- 
crease operating  efficiency,  as  it  is  often 
found  that  what  was  considered  good 
operation  will  not  bear  comparison.  Such 
curves  are  shown  as  Figs.  6  and  7. 

The  Factory  Power  Plant 

The  power  plants  found  in  factories 
are  changing  in  character  rapidly. 
Twenty-five  vears  back  the  fire-tube 
boiler  and  automatic  engine  were  more 
or  less  universal.  Today  high-pressure 
water-tube  boilers  operated  at  high  rat- 
ings are  replacing  the  old  horizontal- 
return  tubular  boilers.  Where  the  en- 
gine remains  in  the  larger  plants,  it  has 
been      supplemented     with      the      low- 


SUPPLY    OF    INDUSTRIAL    POWER— LARKIN 


93 


1                               1 

- 

1 

1         1 

bi 
o 

tZ 

h. 
O 

bJ 

Z 
V 

>laceThi8  Sheet  In  A  Conveniently  Arranged  Frame  and  Hans  it  In  a  Conspicuous 
URVES  Each  Month  A«  Power  Report  Is  Completed.  The  Function  Of  This  Sheet  Is  To 
^llinsOff  In  Boiler  Efficiency  Promptly.  See    Fig.  1     For  Savins  In  Dollars  Due 

T ■ 1 

"^  \  t 

z 
o 

< 

->  - 
X. 

< 

iL 

f  .  .  .» 

< 

2 

X 

I 

Id 

or 
111 

o. 
o 

1 

O 

a 
r 

■1 

<3 

or 
t 

o 
_f 

J 

1 

s 

t 

10 
1 

if 

£ 

S 
o 

< 

X 

u 

3 

<a 

|2 

11^ 
0. 
•1 
dr 

r 

3 

° 

m 

1 
> 
or 
0. 

u 
? 

t 
t- 

r 
o 

h 

3 

< 

"^    •"     ^     2     5     S     ^ 

z    1^    5    5    1    g   f 

i  ^  ^  5  ^  1  2 

-^  ^  ^  °  ^  5  a 

1  i  -  i  1   5  ' 

i  ^  ?  1 1 1 1 

5   <^    t    t    5   2   £ 

3    5    =    °    S    1   1 
p    2    1    i    2    ^    p 

•^  f   -    5    t    5^   " 
^   1    ^    i    5    S   - 
^    t    ^    3    .^   S    * 

LJ 

D 
TL 
\A 

Q 
Z 
< 

C5 

NAMt   Of  Factory 

OK  Curve  On   BOILER    EFFICIENCY  For  Plant  Ek 

<- 
w 

.^1    III   II 





~ 

~ 

~ 

~ 



o 

z 
o 

< 

-3  ^ 

< 

b. 

-> 

_' 

i 

a 
~p 

u 

—  : 

> 

« 

—  3 

c 

0 

—  iL 

s^ 

. 

I 

i 

n. 

a: 
— tc— 

/ 

i 

/ 

N 

\ 

-^ 

ol 

\ 

\ 

5 

\ 

■ 

1 

z 



^ 

s  Suoqested  That  Each  Plant  Engineer  F 
kCE  In  His  Office  Plotting  Extension  Of  C 
aLE  TVtE  Plant  Encineer  To  Check  Any  F/ 

H   Boiler    OPERATING  EFFICIENCY. 

PQ 
— o 

o 
o 

-a 

ui 

o 

z 
o 

< 

rf 

< 
Z 
It. 

-3 

y 

^ 

/ 

o 

ar 
—a. 

/ 

/ 

/ 

r 

j 

o 

z 

\ 

1 

\ 

0) 

o 

Z 
(- 

z 
o 

C 

Z 
—  o 

— o 

0- 

-< 

> 

II 

UJ 

\ 

J 

DC 

<- 

^ 

\ 

_l 

\ 

/ 

c> 
-tQ_ 

_\ 

1 

1 

1 

X0Nai0IJJ3  XN30  »)3J 

— y 

N0ixyji0dWA3  sawnod 

1 

1                  I 

94 


INDUSTRIAL  FUEL  AND  POWER 


»! 

< 

m 

3  3 

a| 

1 

a 

t 

7. 

19 

X 

i 

V 

>• 

i 

C 

soli 

-   u. 

i 

J  1 

19 

4  A 

.^ii 

Pounds 

PR6DUCTI0N 

2400. 
•)             2100 

^ 

\ 

Q            2000 

^ 

r" 

k 

_ 

a/ 

Z             Iftoo 

-s/ 

\ 

J 

\ 

i 

"s 

A' 

O             1^00 

/ 

\ 

> 

f 

S 

.- 

\ 

/  ^ 

(L              1400 

r 

^          1200 

/ 

1000 

\^ 

Tons 

Co«kL 

2400. 

M          Moo_ 

/ 

\ 

£          1800 

/ 

* 

\ 

f 

\ 

/ 

"■^            IkOO 

> 

< 

^ 

* 

p^              1400 

\ 

/ 

I 

,/ 

o            1200 

/ 

-. 

\ 

/ 

.5          iooa_ 

>' 

«"           800 

Cost  Of 

All  Povver 

(  Lass  Chadsu) 

JSOOO. 

3tOOO_ 

34000. 

^         J2  000 

•*. 

<         SO  000 

s 

\     4 

-i         18  000 

\ 

o         21000. 

J 

y 

k 

^  s 

^\ 

n         2400Q_ 

f 

^ 

/ 

V 

/ 

N 

- 

■ 

1 

J 

22000 

^ 

/ 

N 

>"* 

V 

r 

Boiler 
Efficiency 

ao 

^ 

/ 

•_              75" 

\i 

Z                70 

> 

1 

,  • 

"L 

"J                IS 

/ 

•a 

> 

"• 

y 

'- 

s 

"                1.0 

^ 

\, 

r^ 

/ 

'N 

('^ 

/ 

c 

•f              55 

^i 

\ 

f. 

r 

i"                 50. 

\ 

1 

f\ 

•^               45. 

I' 

■ 

Evaporation 

Per 
UOOO  K.TU. 

8.00. 

U             .75. 

f 

V 

s 

. 

y 

\ 

m      .50. 

V 

/ 

^ 

a  ^ 

V 

^ 

fe               .25. 

L 

' 

\ 

^ 

V 

$           7.0O 

\ 

\ 

' 

\, 

•0                .IS, 

\ 

\. 

s- 

5                .50. 

t 

•« 

.' 

\ 

3               25. 

I 

t 

^              k.0« 

\ 

/ 

s 

^              .75. 

V 

( 

Cost  Op  All 

PowerPerLb 

Or  Goods 

.021. 
.02. 

^ 

1 

^  f\ 

/ 

(A              .011. 
Of              .018. 

\ 

/' 

' 

, 

I 

> 

*i         .on 

s 

/ 

*> 

J 

_l              .Oli.. 
^               .»'5 

^ 

< 

V 

/ 

1 

\ 

« 

> 

f 

f 

\A 

*=■       :oi4. 

s 

/ 

V\ 

.013. 

^ 

SI 

< 

^1 

i 

i 

t 

ae 

\ 

i 

J 

1 

9 

s 

2 

i 

C 

Ifi 

a 

r 

o 

A  - 

1 

i:     O 

J^^ 

FJG.     5 F.ACTORY     MaN-.-^GEr's     PoWER-PL.^NT     OPER.^TING     D.ATA 


I 


SUPPLY    OF    INDUSTRIAL    POWER— LARKIN 


95 


pressure  exhaust  turbine  which  generates 
electricity  to  drive  the  factory  machin- 
ery not  in  the  immediate  vicinity  of  the 
engine  room.  Frequently  the  engine 
is  superseded  by  the  high-pressure 
turbo-generator  whose  low  water  rate 
and  absence  of  friction  load  and  trans- 
mission losses  are  found  profitable.  In 
many  cases  the  boilers  only  remain  to 
generate  process  and  heating  steam, 
while  the  motive  power  is  provided  by 
electricity  from  public-service  stations, 
coming  to  the  factory  over  high-tension 
lines  and  being  stepped  down  to  safe 
operating  limits  at  the  factory  switch- 
board. Each  factory  has  an  ever-present 
problem  to  determine  the  iTiost  ecofibm- 
ical  method. 

The  solution  of  the  problem  of  eco- 
nomical power  generation  must  be  ap- 
proached with  care,  as  changes  usually 
mean  considerable  investment.  Operat- 
ing costs  in  detail  should  be  available 
over  a  considerable  period  before  exten- 
sive changes  are  contemplated.  It  must 
be  ascertained  first  that  the  present 
power  plant  is  being  operated  to  the 
best  advantage.  Poor  boiler  operation 
results  in  high  cost  of  steam  and  high 
cost  for  motive  power  per  unit.  An  at- 
tractive figure  from  the  public-service 
company  may  in  effect  be  the  com- 
parison of  their  highly  efficient  opera- 
tion with  an  unnecessarily  poor  grade 
of  operation  in  the  local  plant.  A 
favorable  figure  from  the  outside  power 
company  may  result,  for  instance,  from 
a  lack  of  understanding  at  the  factory 
of  the  value  of  the  exhaust  steam  used 
for  heating  and  process  work.  There 
are  many  cases  where  purchased  power 
is  the  most  economical  way  out,  but 
there  is  no  general  rule,  and  each  case 
must  stand  on  its  merits.  When  the 
question  of  plant  enlargement  is  under 
consideration,  the  matter  of  public  serv- 
ice power,  if  available,  should  have  most 
careful  attention,  as  then  the  factor  of 
new  investment  is  prominent.  Then 
enlargement  of  prime  movers  will  prob- 
ably mean  additional  boiler  capacity,  en- 
larged   steam   mains,   new   coal-handling 


apparatus,    and    similar    expense,    which 
may  result  in   an  unfavorable  unit  cost. 

Public-Service  Power 
In  recent  years  numerous  large  elec- 
tric generating  units  have  been  con- 
structed all  over  the  country  operated 
by  steam  and  water  power.  Long  high- 
tension  transmission  lines  are  in  evidence 
crossing  the  states  for  considerable 
distances  which  will  be  found  tied  into 
various  public-service  electric  plants  lo- 
cated in  industrial  centers.  Remote 
localities  which  have  a  surplus  of  hydro- 
electric power  send  this  surplus  at  high 
voltage  to  the  cities  and  deliver  it 
through  local  publTc-service  station?  to 
the  industrial  plants  of  the  vicinity, 
supplementing  the  power  generated  by 
the  local  station.  This  practice  is  so 
universal  and  so  constantly  Increasing 
that  the  public-service  stations  are  reach- 
ing out  for  an  increased  market  for  their 
output.  The  consequence  has  been  a 
gradual  dropping  of  public-service  rates, 
until  a  point  has  been  reached  where 
any  industry  which  generates  its  own 
power,  if  located  where  public  service 
is  available,  has  reason  to  investigate 
carefully  the  comparative  costs  of  its 
operation  to  justify  its  present  practice. 
This  does  not  mean  that  no  private 
plant  can  be  operated  profitably,  but 
rather  that  many  such  can  investigate 
the  possibility  of  public  service  to  ad- 
vantage, and  that  few  can  aflFord  to 
neglect  careful  study  of  how  they  stand 
with   reference  to  this  matter. 

There  are  many  general  reasons  why 
an  old  tvpe  of  power  plant  often  can 
be  supplanted  by  outside  power  with 
profit,  and  the  first  Important  requisite 
for  an  investigation  is  the  existence  of 
reasonably  accurate  data  which  tell  the 
story  of  present  and  past  performance. 
It  must  be  shown  first  that  the  plant 
under  consideration  is  being  operated  at 
reasonably  high  efficiency,  or  what 
changes  are  needed  to  bring  it  to  that 
point,  and  the  probable  cost  of  such 
changes.  Only  after  that  is  done  can 
a    reasonable   comparison    be  made   with 
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costs  which  would  be  in  effect  with 
public-service  power.  Many  plants  have 
several  small  engines  distributed  through 
the  factory  with  long  transmission  lines 
of  piping  which  could  be  supplanted 
profitably  by  electric  motors.  Many 
prime  movers  are  old  and  inefficient, 
with  high  and  frequently  unsuspected 
friction  loads.  Many  power  plants  are  so 
arranged  that  a  large  number  of  operat- 
ing engineers  are  required  to  look  after 
the  various  units.  In  many  cases  the 
load  factor  is  comparatively  small  and 
the  friction  load  considerable,  and  the 
advantage  of  electric  drive  —  which 
furnishes  power  at  the  point  where  it 
is  used  with  less  friction  loss,  and  which 
can  be  shut  down  when  the  power  is  not 
needed — should  be  carefully  considered. 
The  element  of  safety  should  not  be 
neglected.  Compensation  costs  are  care- 
fully studied  today  and  they  are  con- 
siderable in  all  industries.  State  laws 
are  becoming  more  stringent  continually 
and  it  is  generally  recognized  that  the 
electric  drive,  which  lends  itself  readily 
to  proper  safeguarding,  quick  stopping, 
and  readv  control  at  all  times,  is  an 
asset  too  important  to  be  overlooked. 

The  operation  of  the  boiler  plant 
usually  is  the  source  of  the  greatest  item 
of  expense,  and  here  again  consideration 
of  public-service  power  is  important. 
Industrial  boiler  plants  are  quite  gener- 
ally heavily  loaded,  at  times  beyond 
capacity.  Many  are  obsolete  and  unduly 
expensive  to  operate.  Many  plants  are 
at  the  point  where  every  boiler  is  needed 
on  the  line  perhaps  twenty-four  hours 
a  day,  with  little  opportunity  for  proper 
cleaning  or  ordinary  care.  Probably  the 
boiler  plant  must  be  Enlarged  in  the 
near  future,  or  perhaps  entirely  rebuilt. 
In  such  cases  it  will  be  advisable  to 
consider  outside  power  before  entering 
into  a  program  of  considerable  capital 
expense.  Often  privately  operated 
generators  are  overloaded,  and  driving 
speeds  unavoidably  reduced,  with  in- 
creased and  expensive  amperage  or  cur- 
rent requirements  due  to  the  reduced 
driving   speeds.      This,   too,    calls   for  a 


consideration  of  the  whole  matter  and 
of  possible  changes  which  will  result  in 
a  more  favorable  unit  cost. 

The  introduction  of  public-service 
power  may  mean  the  location  of  a  trans- 
former on  a  pole  adjacent  to  the  smaller 
plant  or,  in  the  case  of  a  large  industry, 
the  construction  of  a  small  substation  or 
operating  unit  in  the  factory  yard.  It 
usually  results  in  the  ultimate  elimina- 
tion of  the  old  power-generating  units, 
more  room  for  manufacturing,  simpler 
transmission,  and  the  avoidance  of  con- 
siderable labor  trouble. 

The  factory  substation  in  an  average 
industry,  say,  of  a  thousand  kilowatts 
capacity,  often  consists  of  a  small  brick 
or  concrete  building  with  an  outside 
shelter  for  the  high-tension  transform- 
ers, which  are  usually  numerous  enough 
so  that  the  load  can  be  split,  including 
one  transformer  for  ordinary  loads, 
another  for  peak  conditions,  and  per- 
haps a  third  smaller  unit  for  night  loads, 
holiday,  or  partial  shutdown  periods. 
Mains  come  into  the  substation  from 
underground  public-service  conduits  to 
the  high-tension  switchboard,  which  is 
carefully  enclosed,  protected,  and  acces- 
sible ordinarily  only  to  the  public- 
service  employees.  These  boards  for  in- 
coming high-tension  current  are  pro- 
vided with  the  necessary  wattmeters 
and  recording  instruments  so  that  the 
quantities  of  power  used  and  demand 
are  easily  read.  High-tension  leads  run 
from  the  incoming  switchboard  to  the 
transformer  control  board  by  means  of 
which  the  transformer  capacity  can  be 
adjusted  to  the  needs  of  the  factory. 
From  this  second  switchboard  leads  run 
to  the  busbars  of  the  distributing  board, 
from  which  power  is  sent  out  to  the 
various  motor  units  located  at  various 
points  in  the  factory  itself.  This  dis- 
tributing board  also  carries  the  lighting 
circuits,  and  all  circuits  are  supplied  at 
the  board  with  the  necessary  wattmeters, 
control  instruments,  voltmeters,  am- 
meters, power-factor  meters,  etc.,  so  that 
the  whole  is  under  the  control  of  a 
single  operator  who  is  not  only  able  to 
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handle  the  situation  efficiently  at  all 
times,  but  to  keep  a  careful  record  of 
power  consumption  in  the  various  de- 
partmental circuits.  Most  industries  re- 
quire a  considerable  supply  of  direct 
current  to  operate  variable-speed  motors 
driving  elevators  and  variable-speed  ma- 
chinerv.  To  serve  this  requirement  the 
substation  is  generally  provided  with 
one  or  more  rotary  converters  or  motor- 
generator  sets,  which  are  also  under  the 
control  of  the  substation  operator. 

The  power  feed  lines  leading  from 
the  substation  to  the  motor  units  in  the 
factory  can  be  conveniently  arranged  and 
supported  out  of  the  way,  and  as  a  gen- 
eral thing  are  a  vast  improvement  over 
the  old  scheme  of  transmission  pipes, 
lines  of  shafting,  and  inconvenient  and 
expensive  belt  transmissions  which 
robbed  the  factory  of  light,  caused  ex- 
cessive temperature  in  work  rooms,  were 
a  constant  source  of  danger  to  the  work- 
men, and  are  better  eliminated. 

As  a  matter  of  interest  it  might  be 
stated  that  a  substation  such  as  has  been 
described  has  cost  in  several  cases  about 
twenty-four  dollars  per  kilowatt  capac- 
ity. 

While  it  is  not  true  that  in  every  case 
an  industry  can  turn  to  public-service 
power  as  a  solution  of  its  troubles,  in 
manv  cases  the  subject  can  be  investi- 
gated with  profit.  Where  considerable 
quantities  of  water  power  are  available 
or  where  large  units  are  efficiently  oper- 
ated, the  public-service  rates  possibly 
may  be  met  successfully.  In  most  cases, 
however,  a  critical  comparison  can  be 
made  profitable,  allowing  the  public- 
service  engineers  ample  facilities  to  pre- 
pare their  case  and  making  sure  that  the 
statement  of  the  factory  engineer  is 
based  on  sufficient  and  accurate  operating 
data. 

As  a  matter  of  principle,  few  indus- 
tries today  care  to  go  very  far  outside 
their  own  lines.  Very  few  find  it  profit- 
able to  build  their  own  machinery;  few 
rubber  mills,  for  instance,  find  it  profit- 
able to  maintain  large  machine  shops 
to  manufacture  the  numerous  molds  they 


use  in  their  business.  Such  work  is 
largely  done  now  by  outside  contract 
shops  that  make  it  their  specialty.  The 
rubber  mill  finds  it  profitable  to  con- 
fine its  operating  capital  to  the  produc- 
tion of  rubber  goods;  the  sugar  refinery, 
to  the  production  of  sugar;  the  foundry, 
to  the  production  of  iron  castings,  etc. 
It  is  becoming  more  and  more  evident 
that  the  production  of  power  is  a  spe- 
cialty and  that  such  power  often  may 
be  purchased  with  profit  from  a  large 
outside  source  specializing  in  that  com- 
modity and  operating  large  units  at  a 
point  of  efficiency  impossible  of  attain- 
ment in  a  comparatively  small  unit. 

Periods  of  shutdown  cause  consider- 
able financial  loss  in  certain  industries, 
particularly  where  large  amounts  of  raw 
stock  are  in  process  at  all  times.  Un- 
fortunately experience  of  some  years 
with  public-service  or  central-station 
power  has  shown  that  there  will  be  short 
periods  when  power  is  off"  due  to  elec- 
trical storms,  accidents  to  transmission 
lines,  and  station  troubles.  There  have 
been  complaints  of  fluctuation  in  line 
voltage  due  to  overloaded  transmission 
lines  which  must  be  taken  into  consid- 
eration also. 

These  matters  may  not  prove  to  be 
serious  factors  in  the  majority  of  indus- 
tries, although  they  might  give  rise  to 
comment  in  some  of  our  industrial 
power  plants  which  claim  freedom  from 
shutdown  for  periods  of  many  years. 

While  it  is  the  usual  thing  to  elimi- 
nate the  possibility  of  protracted  shut- 
down periods  as  far  as  possible  by  the 
use  of  duplicate  transmission  lines 
nevertheless  the  matter  is  important 
enough  to  deserve  most  careful  consider- 
ation by  central-station  engineers,  as 
the  possibility  of  interruptions  to  the 
service,  however  brief  or  infrequent,  is 
often  the  deciding  factor  regardless  of 
other  elements. 

Conclusion 

In  conclusion,  it  might  be  stated  again 
that  these  paragraphs  were  written  with 
the  thought  that  they  might  be  helpful 
to  the  great  number  of  our  smaller  in- 
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dustrial  planti,  that  they  might  let  a 
little  light  into  that  corner  of  the  fac- 
tory which  is  too  apt  to  be  shrouded 
in  mystery  to  the  non-technical  man  in 
the  office.  The  endeayor  has  been  m.ade 
to  show  what  other  industrial  plants  are 
actually  doing  in  the  way  of  power 
costs  and  to  indicate  how  good  operation 
can  be  known  and  poor  operation  reme- 
died. Some  of  the  earmarks  of  both 
good  and  poor  operation  haye  been 
pointed  out  so  that  when  the  manager 
steps  into  his  boiler  room  or  engine 
department  he  will  perhaps  be  able  to 
yiew  what  is  going  on  with  better  under- 
standing, and  when  he  questions  his  en- 
gineer as  to  power  conditions  he  may 
do  so  with  more  confidence.  It  has 
been  suggested  that  before  enlarged 
capacity,  changes  in  machinery,  or  pos- 
sibility of  turning  the  plant  over  to  the 
public-seryice  corporation  are  discussed, 
it  should  first  be  ascertained  that  the 
present  plant  is  operating  at  maximum 
efficiency,  using  up-to-date  methods.  It 
has  been  also  suggested  that  the  day  of 
the  old-line  steam  engineer  who  knows 
nothing  of  modern  methods  of  figuring 
and  operating  is  well  past,  and  that 
many  such  can  be  supplemented  profit- 
ably with  operators  of  better  under- 
standing while  giying  every  considera- 
tion to  the  older  men.  Examples  of 
modern  power-plant  reports  have  been 
shown  with  explanations  of  the  function 
thev  serve  and  of  their  value  as  a  basis 


of  comparison  from  month  to  month 
and  between  different  plants.  It  has 
been  shown  that  such  power  reports,  to 
be  of  value,  must  give  definite  cost  data 
which  will  be  comparable  and  which 
will  help  the  manager  in  making  up  his 
estimates,  and  in  making  power  plant 
studies,  and  will  tell  him  whether  the 
tendency  is  toward  improved  operation 
or  otherwise.  It  has  been  suggested  that 
no  operating  or  power  data  are  of  value 
unless  the  instruments  used  in  the  power 
house  for  collecting  the  facts  are  cor- 
rect. Few  such  instruments  will  remain 
accurate  for  any  length  of  time,  and  all 
must  be  checked  and  calibrated  with 
regularity  and  frequency. 

Certain  charts  and  curves  that  may 
be  used  as  aids  to  economy  and  indi- 
cators of  operating  conditions  are  shown. 
Such  schemes  are  valuable  in  that  they 
picture  conditions  in  so  simple  a  way 
that  the  meaning  is  readily  grasped,  yet 
they  help  both  the  manager  and  the 
engineer  to  maintain  the  plant  on  the 
highest  possible  plane  of  efficiency. 

Some  little  space  is  given  to  the 
matter  of  public-service  electric  power. 
It  has  been  suggested  that  the  advan- 
tages of  this  service  should  be  given 
careful  unbia3ed  consideration  in  many 
places,  that  power  generation  is  a  high- 
grade  specialty  which  every  industry 
cannot  undertake  successfully,  and  that 
the  operation  of  private  plants  in  some 
cases  is  not  justified. 
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Question:  1  would  like  to  ask  Mr. 
Larkin  if  he  has  any  rule  about  the  use 
of  stokers  in  place  of  hand  firing.  What 
size  plant  do  you  draw  the  line  on? 

Wm.  H.  Larkin,  Jr.*:  We  never 
have  adopted  any  very  definite  rule  be- 
cause of  the  fact  that  we  have  a  lot  of 
old  plants,  and  it  is  very  difficult  some- 
times to  get  money  to  revamp  a  plant 
as  you  would  like.  Probably  we  should 
not  think  of  putting  a  stoker  under  any 
boiler  much  smaller  than  250  hp.  We 
have  a  lot  of  Edge  Moor  boilers  about 
25  0  hp.  Where  it  comes  to  small  boil- 
ers like  that,  we  favor  pulverized  coal 
at  the  present  time.  I  think  there  is  no 
particular  rule  we  have  followed,  simply 
because  of  the  fact  we  are  dealing  with 
a  lot  of  diversified  plants,  all  kinds  and 
types  of  boilers — from  Manning  and 
Cahall  boilers  to  Stirlings — and  no  rule 
has  ever  been  exactly  applicable.  But  I 
should  say  that  if  you  tried  to  put  me- 
chanical stokers  under  anything  smaller 
than  2  50  hp.  you  would  have  difficulty 
in  justifying  them. 

Question:  Along  this  same  line  I 
would  like  to  ask  Mr.  Larkin  if  he  has 
any  line  which  he  draws  between  fire- 
tube  boilers  and  water-tube  boilers  in 
regard  to  size  of  tubes. 

Mr.  Larkin:  Why,  yes.  Of  course 
we  are  blessed  with  a  lot  of  fire-tube 
boilers,  as  is  everybody  else,  but  we 
have  drawn  a  line  in  this  way:  if  we 
ever  buy  any  boilers,  or  have  a  chance 
to  get  rid  of  the  fire-tube  boilers,  we 
shall,  in  all  probability,  never  have  anv 
more  unless  the  plant  is  very  small  or 
expediency  requires  that  we  use  the  least 
expensive  arrangement.  Most  of  our 
plants  are  large  enough  so  that  high- 
pressure     water-tube    boilers    are    quite 


suitable.  In  our  larger  plants  we  are 
hoping  to  go  to  the  higher  pressures. 
We  have  a  plant  under  consideration 
now  to  be  designed  with  400  lb.  pres- 
sure boilers.  Of  course  that  is  prac- 
tically impossible  with  fire-tube  boilers. 
We  have  a  small  plant  we  are  rebuilding 
now  that  had  nine  return-tubular  boil- 
ers, 150  hp.  each,  which  we  expect  to 
replace  with  three  boilers  of  the  water- 
tube  type  carrying  about  200  lbs.  pres- 
sure, I  think  that  our  conviction  is 
pretty  well  crystallized  on  water-tube 
boilers,  high  pressures,  and  high  ratings. 
Of  course  fi^re-tube  boilers  will  seldom 
meet  that  specification. 

To  return  definitely  to  the  question 
of  size  of  fire  tubes:  there  seems  to  be 
no  general  rule.  As  a  matter  of  ex- 
pediency, manufacturers  of  H.  R.  T. 
boilers  use  3",  3/^",  and  4",  mostly  the 
latter  two  sizes.  The  choice  seems  to 
lie  between  excessive  draft  loss  through 
the  boilers,  or  excessive  deposit  of  soot 
in  the  tubes  due  to  cooling  and  slow- 
ing down  of  flue-gas  speed  of  flow, 
through  large  fire  tubes,  with  resultant 
inefficient  heat  transfer  due  both  to  the 
dirty  surfaces  and  the  low  gas  velocity. 
With  the  water-tube  boiler  the  arrange- 
ment of  baffles  can  be  made  to  avoid 
much  decrease  of  flue-gas  velocity  by  re- 
duction of  areas  as  the  gases  flow  from 
one  pass  to  another,  thus  keeping  rate  of 
heat  transfer  more  nearly  constant. 

H.  B.  EMERSoNf:  I  believe  we  will 
all  agree,  from  what  we  know  ourselves 
and  from  what  we  have  learned  from 
these  various  papers,  that  every  individ- 
ual plant  has  to  be  laid  out  according 
to  its  individual  conditions. 

There  is,  however,  a  question  of 
charges  and  credits  which  I  feel  can  be 
discussed    to    good    advantage.      Regard- 
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ing  the  charge  for  extraction  steam, 
there  seems  to  be  a  variance  of  opin- 
ion; and  1  thought  this  would  be  a 
good  time  and  place  to  bring  out  ex- 
pressions, and  try  and  obtain,  if  possible, 
some  understanding  of  the  actual  cost 
of  extraction  steam  and  to  what  it  should 
be  credited.  Some  people  are  charging 
out  steam  (whether  extraction  steam  or 
direct  from  the  boilers)  at  the  same 
price;  that  is,  crediting  the  particular 
power  unit  from  which  the  steam  is  ex- 
tracted with  the  full  cost  of  the  steam 
extracted  from  it.  There  are  others 
who  are  charging  out  their  extraction 
steam  on  a  B.  t.  u.  basis  and  crediting 
the  power  unit  with  the  difference  be-  , 
tween  the  B.  t.  u.  of  the  steam  enter- 
ing and  leaving  the  unit.  There  are 
others  who  use  their  entropy  diagram 
and  charge  out  that  way,  crediting  the 
power  unit  with  the  difference  in  the 
quality  of  the  steam  entering  and  leav- 
ing the  unit. 

I  should  be  pleased  if  we  could  dis- 
cuss what  the  proper  basis  is.  You  may 
say  that  it  will  differ  in  different  plants. 
It  may  differ,  perhaps,  in  the  mind  of 
the  individual  owner.  He  may  feel 
that  one  process  can  stand  a  greater 
charge  than  another,  and  simply  put  the 
burden  of  the  load  on  that;  but  the 
point  that  I  would  like  to  have  brought 
out  is,  is  there  not  some  proper  basis  for 
the  charge  for  extraction  steam  and  a 
proper  credit  due  the  power  unit  from 
which  it  is  extracted?  I  would  be  glad 
to  hear  the  views  of  some  of  the  others 
on  this  subject. 

Ernest  Pragst*:  1  have  been  asked 
on  several  occasions  to  investigate  the 
advisability  of  generating  power  where 
part  of  the  steam  produced  was  to  be 
extracted  from  the  prime  movers  for  use 
in  the  plant's  processes,  and  in  each  case 
this  same  question  has  arisen.  Unless 
we  approach  the  problem  in  a  rational 
manner,  an  erroneous  conclusion  will  in- 
evitably ensue. 

I   will    first   present   as  an   example   a 


case  in  which  such  a  conclusion  has  been 
reached.  The  engineers  of  a  steel  plant 
were  studying  the  relative  merits  of  pur- 
chased power  and  power  generated  with- 
in their  plant.  When  I  reviewed  their 
estimate  of  production  cost — most  of 
their  power  was  to  be  generated  from 
blast-furnace  gas — I  found  that  they 
had  charged  against  the  cost  of  genera- 
tion, gas  at  a  cost  equivalent  to  that  of 
an  equal  amount  of  coal.  Now,  that 
was  all  very  well  for  internal  book- 
keeping, but  it  led  to  an  inaccurate  con- 
clusion in  this  particular  case.  Thev 
had  decided  that  it  was  more  econom- 
ical to  purchase  power.  Their  figures 
clearly  showed  It.  The  fallacy  in  the 
reasoning  was  this:  They  had  charged 
the  estimated  value  of  the  gas  to  the  es- 
timated cost  of  power  generation  and 
credited  the  blast-furnace  operation  with 
a  like  amount.  If  power  had  been  pur- 
chased, the  gas  would  have  been  lost, 
and  so  no  credit  could  have  accrued  to 
the  blast-furnaces.  In  other  words, 
viewing  the  operation  of  the  plant  as  a 
whole,  they  would  have  lost  approxi- 
mately the  amount  at  which  the  blast- 
furnace gas  had  been  valued.  When 
the  problem  was  properly  studied — the 
plant  considered  as  a  whole — an  opposite 
conclusion    was   reached. 

Unless  we  are  careful  to  pro-rate 
equitably  the  cost  of  steam  between  pow- 
er generation  and  process  work  in  sta- 
tions employing  non-condensing  or  ex- 
traction machines,  like  errors  are  prob- 
able. 

I  have  this  suggestion  to  offer:  Let 
us  charge  the  turbine-generators  with  all 
heat,  above  water  at  condensate  temper- 
ature, entering  them.  Then,  credit 
them  with  all  heat  (also  above  water  at 
condensate  temperature)  in  the  steam 
extracted  (or  exhausted  into  the  process 
steam  system  in  the  case  of  non-condens- 
ing machines).  The  remainder  will  be 
the  amount  of  steam  entering  the  tur- 
bines truly  chargeable  to  power  genera- 
tion. In  a  like  manner  the  processes 
should    be    credited    with    the    heat    re- 
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turned  by  them  to  the  boilers.  All 
steam  required  by  auxiliaries,  which 
serve  only  the  turbine-generators,  should 
be  charged  against  power  generation. 
Those  auxiliaries,  serving  both  the  tur- 
bine-generators and  processes,  should 
have  their  steam  expense  pro-rated.  On 
this  basis  we  should  make,  I  believe, 
an  equitable  division  of  the  expense  in- 
sofar   as    it    applies    to    steam. 

Question:  I  would  like  to  ask  Mr. 
Larkin  what  he  calls  high  rating  on  a 
boiler? 

Mr.  Larkin:  In  industrial  plants 
we  think  if  we  get  200  per  cent  rating 
we  are  doing  pretty  well.  The  average 
industrial  plant  seldom  runs  long  at 
over  150  or  160  per  cent.  Of  course 
when  you  talk  about  public  service 
plants,  3  50  per  cent  rating  is  quite  the 
general  thing,  but  I  think  you  will  find 
very  few  industrial  plants  that  go  very 
much  over  200  per  cent. 

I  should  like  to  make  one  suggestion. 
We  have  studied  this  question  of  charge 
for   the   cost   of   exhaust    steam,   or   the 
value  of  exhaust   steam,    and  the   value 
of  bleeder  steam.     Our  thought  in  that 
line  has  always  been  this,  that  the  valnc 
of   exhaust    steam    is    equivalent    to    the 
cost  of  the  back  pressure  put  on  the  en- 
gine.     In  other  words,  your  engine  is  a 
certain    thing  when    it   is  running   con- 
densing, and  it  is  another  and  very  dif- 
ferent thing  when   it  is  running  against 
back    pressure.      The    difference    in    the 
cost  of  operating  under  the  two  condi- 
tions is  the  value  of  the  exhaust  steam. 
With  the  bleeder  turbines,  such  as  we 
e  at  one  or  two  of  our  larger  plants, 
have  gotten  at  it  the  same  wav.      The 
ter   rate   is  one   thing  when  the   tur- 
le  is  running  condensing,  without  anv 
am   being  bled  off.      The  water  rate 
a  very  different  thing  when  vou  are 
;ing    steam    from    it.      You    are    not 
ly  taking  a   certain   amount  of  steam 
lich   passes    through    the    turbine,    but 
u  are  also  penalizing  the  turbine  on  its 
'n  water  rate  as  a  generator  of  power. 


C.  W.  Conrad*:  I  am  an  advocate  of 
using  the  B.  t.  u.  basis.  The  plant 
with  which  I  am  connected  generates 
super-heated  and  saturated  steam.  In  or- 
der to  get  a  definite  basis  for  distribu- 
tion, we  convert  all  of  our  steam  to 
B.  t.  u.'s.  Instead  of  using  1000  lbs. 
of  steam,  we  have  1,000,000  B.  t.  u.'s 
for  a  unit.  Our  plant  is  a  paper  mill, 
and  naturally  we  use  lots  of  process 
steam.  We  have  seven  non-condensing 
engines  supplying  exhaust  steam,  a 
bleeder  turbine,  and  we  use  some  high- 
pressure  make-up.  We  charge  to  each 
paper  machine,  or  to  each  steam  user,  the 
million  B.  t.  u.'s  used  during  the  pe- 
riod of  comparison — a  month,  for  in- 
stance. I  think  that,  as  Mr.  Larkin 
said,  there  is  some  argument  for  charg- 
ing steam  on  a  basis  of  the  additional 
power  required  or  heat  required  due  to 
putting  on  back  pressure,  but  where  we 
can  use  all  of  our  process  steam  for  dry- 
ing paper,  I  think  the  only  fair  unit 
we  can  use  is  the  B.  t.  u. 

W.  A.  DANiELSONt:  In  Cincinnati  the 
officials  of  the  leading  hotel  were  un- 
decided whether  they  should  buy  power 
or  generate  it  in  their  own  plant.  Ex- 
tensive alterations  had  just  been  com- 
pleted which  would  require  a  slight  ad- 
dition to  their  plant.  Under  an  ar- 
rangement with  the  local  power  com- 
pany, they  were  to  run  for  one  year 
buving  power  from  the  power  compan\' 
and  making  the  steam  required.  At  the 
end  of  the  year  they  were  to  compare 
the  total  cost  of  purchased  power  and 
steam  made  with  the  cost  during  previ- 
ous years  when  they  had  made  both.  I 
do  not  know  the  outcome,  but  it  shows 
that  in  the  last  analysis  one  must  ascer- 
tain the  cost  of  steam  and  power  for  the 
year,  and  of  steam  alone,  to  find  what 
the  power  generating  cost  amounts  to. 

A.  W.  Bengit^I;:  One  thing  which 
has  been  touched  on  a  little,  and  yet 
about  which  not  much  has  been  said,  is 


lant  Engineer,  Bird  &  Son,  East  Walpole,  Mass. 
Tajor,  Construction  Service,  Quartermaster  Corps, 
.  T:  Main,  Engineer,  Boston,  Mass. 


U.    S.    A. 


104 


INDUSTRIAL  FUEL  AND  POWER 


the  use  of  the  hot  water  which  we  get 
from   the   condenser  on    turbines.^    We, 
who    are    interested    particularly    in    the 
textile    industry    where    large   quant'tie? 
of  hot  water  are  used,  find  that  we  can 
install  bleeder  turbines  and  extract  the 
steam  for  process  work  at  about   1  5   lbs. 
pressure  and  use  it  in  various  ways.  The 
remainder  of   the   steam   is   turned   into 
the    condenser,    and    by    sacrificing    the 
vacuum  more  or  less,  the  cooling  water 
can  be  raised  to  about  120  degrees.  This 
water  is  put  into  storage  tanks  to  be  used 
as  it  is  wanted,  because  the  demand  for 
water,  of  course,  is  very  intermittent.  In 
that  way  I   know  of  plants  where,  with 
the   exception    of   the   last    hour  of   the 
dav,   practically  all  the  steam  that  goes 
into    the     turbine    has    been     used    for 
process  work,  and   the  cost  of  power  is 
measured    by    the    radiation    losses    from 
the    turbine    and    the    overhead    on    the 
equipment,  except  for  the  small  amount 
of  heat   that  is  wasted   in   the  hot  well 
in  the  latter  part  of  the  afternoon.  This 
is  a  very  common  condition  in  the  tex- 
tile industry,  and  under  these  condition- 
thev   cannot   usually    afford   to    purchase 
power. 

Frederick  M.  Gibson*:  There  has 
been  a  great  deal  of  discussion  in  cer- 
tain circles  as  to  whether  or  not  auto- 
matic regulation  of  stoker  speed  is  de- 
sirable or  worth  the  price  of  the  regula- 
tor. I  am  going  to  ask  all  those  who 
think  it  is  worth  the  price  of  the  regula- 
tor to  raise  their  hands.  The  question 
is,  do  vou  get  sufficient  value  out  of 
speed  regulation  of  a  stoker  to  warranc 
the  cost  of  the  regulator?  (One  hand 
is  shown.)  Those  that  think  it  is  not 
worth  the  cost  will  raise  their  hands. 
(One  hand  is  shown.) 

Mr.  CHANDi.ERt:  In  the  discussion 
this  morning  on  extraction  steam,  I  do 
not  think  the  point  was  brought  out 
quite  clearly  that  there  is  an  economic 
point  whereby  the  back  pressure  can  be 
regulated.     In  other  words,  in  the  case 


of  an  ordinary  industrial  plant  that  has 
an  initial  steam  pressure  of,  say,  150  to 
175  pounds,  what  is  the  highest  back 
pressure  at  which  it  would  be  economical 
to  put  in  some  sort  of  bleeder  outfit?  If 
you  have  a  small  range  between  your 
initial  pressure  and  your  back  pressure,  it 
would  take  a  very  large  unit,  of  course, 
in  order  to  get  work  done.  Now,  is 
there  any  limit  that  has  been  worked  out 
to  the  range  that  gives  you  an  eco- 
nomic machine  to  put  in? 

Mr.  Pragst:  Mr.  Dickinson  has 
shown  us  a  number  of  extraction-type 
turbines.  Within  a  wide  range  of 
limits  the  designs  lend  themselves  to 
extraction  operation  at  almost  any  pres- 
sure below  the  initial  pressure  at  the 
throttle.  Obviously,  as  the  extraction 
pressure  approaches  the  initial  pressure, 
the  amount  of  power  available  from  the 
extracted  steam  decreases,  and  decreases 
rapidlv.  For  example,  there  is  about  as 
much  power  available — I  am  speaking 
just  roughly — between  atmosphere  and 
28-inches  vacuum,  a  range  of  14  pounds, 
as  there  is  between  200  lbs.  absolute 
pressure  and  atmosphere,  a  range  of  185 
lbs.  When  we  come  down  in  pressure, 
the  available  power  per  pound  differ- 
ence in  pressure  increases  very  materi- 
ally. 

Mr.  Chandler  has  specifically  sug- 
gested, if  I  remember  correctly,  175  lbs. 
initial  pressure  and  100  lbs.  extraction 
pressure.  An  extraction  machine  to 
meet  this  condition  is  entirely  feasible 
and  can  be  evolved  from  the  general 
tvpes  Mr.  Dickinson  has  shown.  One 
cannot  say  offhand  that  such  a  machine 
will  or  will  not  be  economically  desir- 
able. I  can  say,  however,  that  there  is 
not  much  energy  available  between  the 
pressures  suggested.  Specifically — I  am 
speaking  in  general  terms — the  available 
energy  between  175  and  100  lbs.  pres- 
sure is  but  13  pa-  cent  of  that  between 
175  lbs.  and  28  inches  vacuum.  From 
this   a    rough    measure   of   the   electrical 
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output  by  a  turbine-generator  from  the 
extracted  steam  can  be  had. 

One  of  the  limitations  in  extraction 
work  is  that  if  we  design  our  turbine 
for  much  extraction,  the  high-pressure 
end  must  be  made  much  larger  and  the 
low-pressure  end  smaller  than  required 
in  the  case  of  a  simple  condensing  ma- 
chine, if  we  are  to  have  an  economical 
machine.  If  it  is  necessary  to  operace 
such  a  machine  at  rated  mechanical  or 
electrical  output  with  a  reduced  ex- 
traction steam  withdrawal,  then  the  low- 
pressure  end  will  become  congested,  with 
a  consequent  impairment  of  the  machine's 
economy.  A  compromise  must  usually 
be  made.  Now,  I  cannot  give  a  gen- 
eral rule,  or  say  offhand  just  what  bal- 
ance should  be  struck  in  a  given  case. 
Each  must  be  studied  on  its  merits. 
There  have  been  cases  where  it  has  been 
found  desirable  to  design  for  the  ex- 
traction of  almost  all  steam  entering 
the  throttle  and  seriously  sacrificing  non- 
extraction  economy  in  doing  so,  but  such 
cases  are  few.  I  should  say  that  it  is 
practicable  to  extract  as  much  as  75  per 
cent  of  the  steam  entering  the  throttle 
without  seriously  impairing  the  efficiency 
of  a  well-designed  machine.  This,  of 
course,   is  a  very  general  statement. 

Have  I  answered  your  questions? 

Mr.  Chandler:  Not  quite.  The 
question  I  had  in  mind  was,  how  high  a 
back  pressure  could  you  design  a  turbine 
for  and  not  make  the  expense  of  the 
turbine    out    of    all    proportion    to    the 
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Mr.  Pragst:  The  price  of  a  tur- 
bine-generator of  the  kind  Mr.  Chandler 
has  in  mind  is  not  disproportionate  when 
contrasted  with  that  of  a  straight  con- 
densing machine.  As  the  back  pressure- 
is  Increased  the  flow  for  a  given  elec- 
trical output  increases,  but  the  volume 
of  the  steam  per  unit  of  weight  de- 
creases. This  means  that,  although  we 
need  a  large  throttle  and  entrance  ports, 
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the  number  of  wheels,  or  stages,  can  be 
reduced  to  one  or  two,  and  the  exhaust 
will  be  quite  small  because  the  steam 
will  leave  it  at  relatively  high  pressure 
and,  so,  will  be  of  small  volume.  We 
have  built  two  1000  kw.  machines  de- 
signed to  operate  with  75  lbs.  back  pres- 
sure. 1  believe  they  are  now  operating 
in  a  New  York  sugar  refinery.  No  seri- 
ous problems  are  involved  in  building 
such  machines.  Does  that  answer  your 
question? 

Mr.  Chandler:     Yes,  thank  you. 

Mr.  Gibson:  Assume  that  a  boiler 
with  standard  baffles  is  equipped  with 
poured  baffles  resulting  in  an  increased 
boiler  efficiency  of  3  per  cent.  If  that 
boiler  is  working  in  conjunction  with  an 
economizer,  will  the  combined  boiler 
and  economizer  efficiency  be  increased  by 
3  per  cent  or  less?  Is  there  any  one 
present  who  can  answer  that  question? 

Pell  W.  Foster,  Jr.*:  The  Chair- 
man, Mr.  Gibson,  has  suggested  the 
function  of  an  economizer  in  acting 
to  maintain  high  over-all  boiler  efficien- 
cy. As  the  efficiency  of  a  boiler  de- 
creases, the  temperature  and  weight  of 
the  gases  leaving  the  boiler  and  enter- 
ing the  economizer  increase.  The 
economizer,  therefore,  does  more  work 
as  the  boiler  becomes  less  efficient  due 
to  the  greater  temperature  difference  be- 
tween water  and  gas,  and  also  to  high- 
er gas  velocities.  It  follows,  therefore, 
that  as  the  efficiency  of  the  boiler  itself 
decreases,  the  efficiency  or  performance 
of  the  economizer  is  improved. 

Let  us  assume  that  the  difference  in 
efficiency  of  a  boiler  operating  at  100 
per  cent  of  rating  as  against  250  per 
cent  is  4-  per  cent.  At  the  higher  load 
the  gas  drop  through  the  economizer  and 
consequent  water  rise  will  be  greater. 
For  this  reason  the  combined  efficiency 
of  boiler  and  economizer  would  prob- 
ably be  only  2/^  per  cent  lower  at  the 
higher  rating. 
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